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ABSTRACT 


The purpose of this study was to ascertain the relationship 
seyen dena ies student misconceptions in chemical equilibrium and 
performance on specific tasks involving cognitive transformations 
characteristic of the concrete and formal cognitive levels of thought. 

The study was conducted in two Edmonton high schools on a sample 
of 99 students enrolled in four chemistry 30X classes during the 1973 
spring semester. 

Four main test instruments were used. The Misconception Identi- 
fication Test (MIT), developed for the study, dealt with the following 
six misconceptions: 1) mass vs. concentration, 2) rate vs. extent of 
reaction, 3) constant concentration, 4) misuse of Le Chatelier's 
principle, 5) the constancy of the equilibrium ‘constant' and 6) com- 
peting equilibria. The Chemistry Achievement Test (CHAT), based on 
four chapters of the CHEM Study text, provided the measure of achieve- 
ment in chemistry. The Piagetian Tasks (PT 1, PT 2 and SK6) formed 
the basis for classification of the sample into the respective level 
and sublevel of concrete and formal thought. PT 1 and PT 2 were 
equivalent combinatorial tasks involving five colorless chemical solu- 
tions. The three sections of the Skemp Test (SK6), based on ten 
defined operations, involved transformations of the INRC physical group 
model. The grade nine SCAT scores were also obtained for the sample. 

Item analysis of the MIT revealed that the probability of 
students choosing the keyed misconception response consistently 
exceeded that expected by chance alone. Eighty two percent of the 
sample possessed three or more of the six misconceptions identified. 
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Correlations between the CHAT scores and the separate Piagetian 
Task scores were significant at the .05 level. A stepwise regression 
analysis for the prediction of achievement in chemistry revealed that 
PT 1 and SK6(2) were significantly contributing predictor variables 
and together accounted for 58.7 percent of the CHAT variance. Neither 
the verbal nor quantitative SCAT scores entered into the regression 
equation. 

In terms of cognitive functioning the sample was classified as 
follows: early concrete (C)), 3 students; late concrete (C.); 24 
students, early formal (Fi); 61 students and late formal (Fy); ay 
students, 

The sample was divided into three achievement groups based on 
the CHAT scores. One-way analysis of variance carried out on all the 
test scores revealed that, with the exception of the two sections of 
the Skemp Test, SK6(1) and SK6(3), the three groups differed signifi- 
cantly (p<). 01). 

Correlations between the MIT and the Piagetian Tasks indicated 
a significant relationship between the number of possessed misconcep- 
tions and performance on the tasks. Two of the specific misconceptions 
were found to be significantly related to cognitive level. Analysis 
also revealed that the number of possessed misconceptions was related 
to achievement in chemistry. Three of the six specific misconceptions 
were found to be related to achievement. 

No significant sex difference for either the number of miscon- 


ceptions possessed or specific misconceptions held was observed. 
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CHAPTER TI 
THE PROBLEM 


Introduction to the Problem 


an a a 


The alternate Chemistry 30X course presentiy taught in Alberta 
high schools consists of a comprehensive program based on the Chemical 
Material Study Committee (CHEM Study) (Pimentel, 1963a). The intro- 
duction of CHEM Study in the early 1960's has had a pronounced effect 
on chemistry teaching. Studies on the effect of the CHEM Study course 
on the teaching of high school chemistry indicate that: 

Students who showed a strong preference for memory of 

specific facts were at a disadvantage in CHEM Study relative 
to those who showed a strong preference for fundamental 
principles, critical questioning of information, and practi- 
cal application (Atwood, 1967). 

CHEM Study incorporates a number of differences from more tradi- 
tional courses, possibly the most obvious being the shift of the emphasis 
from descriptive chemistry toward chemical principles to present the 
change of chemistry over the last two decades. "Chemistry is gradually 
and logically unfolded, not presented as a collection of facts, dicta, 
and dogma'' (Campbell, 1964). 

Approximately eanty percent of the present Grade Twelve CHEM 
Study Course is devoted £6 ehdnaedl equilibrium and related topics. 

Much of the material in these chapters, in addition to requiring certain 
basic prerequisite skills and concepts in chemistry, requires a con- 
siderable amount of abstraction for a firm understanding of chemical 
equilibrium. Chemical er ee cannot be taught in isolation as it 
draws heavily on several generalized concepts in science such as kinetic 
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molecular theory (KMT). KMT is only one example of a generalized con- 
cept which underlies a number of topics taught in chemistry. 

Lantz (1972) in his study emphasizes the importance of the per- 
ception of KMT for the understanding of chemistry. He reports: 

There appears to be a significant relationship between 

student's perception of the kinetic molecular theory and 
their achievement in chemistry (p. 124). 

In addition, Hobbs (1972) in his study on conservation of weight 
and volume in secondary school students, clearly identifies an important 
factor to be considered: 

If learning involves interaction between experience and 

developing thought structures, then the restrictions placed 

by each of these two upon the other have to be taken into 

account in the development of science curricula (p. 145). 
Hobbs would suggest that certain difficulties or misconceptions possessed 
by students in major topics in science may better be understood if a 
sequence of development of concepts relative to physical quantities can 
be described. 

On a much broader basis, increasing emphasis is being placed upon 
fa work of Jean Piaget and the implications of his theory of intellec- 
tual development for science teaching. Piaget and his research group 
have identified a sequence of mental actions leading to the child's 
understanding of principles and relationships in numerous phenomena 
commonly taught in science courses (Inhelder and Piaget, 1958). 

The developmental sequences which Piaget has identified might 
well serve as the basis of instruction that is consistent with psycho- 
logical processes and the existing body of knowledge (Peel, 1964). 


Piaget is among the few contemporary psychologists who realize the full 


importance of the existing body of knowledge, its formation and effects. 
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R. R. Skemp, a British psychologist, writing on reflective intelligence 
and mathematics, recognizes this in stating: 

A theory is required which takes account (among other 

things) of the systematic development of an organized body 
of knowledge, which not only integrates what has been 
learnt, but is a major factor in new learning... . . (1962). 

Skemp's work is firmly based on Piaget's theory and his ideas on 
reflective thinking in children closely parallel Piaget's notions of 
formal thought (Harrison, 1967). Skemp has devised a set of test items 
to measure student performance on the Piagetian transformations of 
reversibility (negation and reciprocity) and their combinatorial conse- 
quences. 

A detailed discussion of the principal stages of the development 
of intelligence as identified by Piaget is not intended here. This study 
is primarily concerned with the stage characterized by formal operations. 
This stage, beginning on the average at about eleven or twelve years of 
age, is characterized by the development of abstract thought operations 
with which the child, now virtually an adolescent, is capable of 
reasoning in terms of hypotheses and not only in terms of objects. The 
formal operational adolescent is capable of constructing new operations 
of classes, relations, and numbers, a capability not apparent in the 
concrete operational child. 

In order to describe how the adolescent manipulates data which he 
derives from experiments, Piaget introduces a logical structure or model, 
the INRC group. The INRC group is an attempt to specify the rules which 
the adolescent uses in the above transformations. There are four 
elements in the group: identity (I), negation (N), reciprocity (R), and 


correlativity (C). 
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The nature and extent of the use of the INRC transformations 
serves to distinguish the concrete operational child from the formal 
operational adolescent. Although the concrete operational child 
carries out operations on classes, relations or numbers, their struc- 
ture does not go beyond the level of elementary logical "groupings" 
or additive and multiplicative numerical groups. During the concrete 
stage, the child is capable of utilizing the two complementary forms 
of reversibility (inversion for classes and numbers and reciprocity 
for relations). However, he is unable to integrate them into the 
single total system. in contrast, the formal operational adolescent 
develops a mechanism which results in the integration of inversion and 
reciprocity. 

The adolescent's thought structure is marked by a higher degree 
of reversibility than is present in previous stages. The two forms of 
reversibility, negation and reciprocity, become united in a fully oper- 
ational system (Piaget, 1953). In investigations dealing with equili- 
brium in the balance (Inhelder and Piaget, 1958, Chapter II) the manner 
in which subjects deal with the transformations of the INRC group at 
the concrete and formal substages is illustrated. It is only at the 
stage of formal operations that the subject is able to understand 
transformations by inversion (N), consisting of the removal of weights 
and by reciprocity (R) consisting of putting on equal weights at an 
equal distance on the other arm of the balance. Here the inverse (N) 
cancels the original operation, whereas the reciprocal (R) compensates 
for it without cancelling it. However, N and R have the same final 
result, that of bringing the arms of the balance back into the hori- 


zontal plane. The formal operational subject is able to group 
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transformations into a single system (I, N, R, and NR=C). Moreover, he 
is able to make use of the equality of products in a more general form 
than in the multiplication of relations found at the concrete stage. 

The possibility of reasoning in terms of the group structure implies an 
understanding of the relationships between the products of two or more 
transformations: NR=IC, RC=IN, NC=IR, etc. According to Piaget, the 
acquisition of the INRC group structure characterizes the stage of formal 
operations in thinking. In the present study an attempt is made to 
determine whether certain misconceptions in the area of chemical equili- 
brium are associated with the students' perception of the INRC group as 
associated with the concrete and formal operational stages. 

Another characteristic which distinguishes the formal operational 
stage from the concrete operational stage is the ability to identify all 
possible factors relevant to a problem under investigation by forming 
all possible combinations of these factors, one at a time, two at a 
time, three at a time, and so on. The individual need no longer confine 
his attention to what is real but can consider hypotheses that may or 
may not be true and work out what would follow if they were true. The 
hypothetico-deductive procedures of mathematics and science have become 
open to him (Piaget, 1964). 

An example of formal operational thought is that carried on by 
the adolescent in coping with a problem in which he is given five 
bottles of colorless liquids, of which the first, third and fifth 
combine to form a yellow color, the second is neutral, and the fourth 
bleaches out the color (Inhelder and Piaget, 1958, p. 107-122). The 
problem is to find out how to produce the yellow color given the 


required solutions, labelled 1, 2, 3, 4, and "a", respectively. At 
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the early concrete stage (Ci); subjects begin by mixing each solution 
with "a" or by taking them all at once. Although combinations are 
involved these are the most elementary and limited combinations that 
operate in multiplicative "groupings" of classes and relations. The 
idea of constructing combinations two-by-two or three-by-three, etc., 
does not occur at this level. In the later concrete substage, Co» the 
appearance of n-by-n combinations is noted. However, the subject does 
not as yet discover any system and only tentative empirical efforts are 
involved. The fact that these combinations are not systematic defines 
the upper limit of this substage, and subjects typically do not 
investigate even the six possible two-by-two (with "a") combinations. 
The cause of the yellow color for the concrete operational subject is 
still sought in particular elements rather than in their combination. 
Although some subjects do locate the color by fortuitous means, the 
roles of other solutions are misinterpreted. The negative effect of 
solution 4 is also sometimes noted but a specific method of proof is 
lacking. 

The two innovations which appear at the formal operational level 
are the systematic method in the use of n-by-n combinations and an 
understanding of the fact that the color is due to the combination as 
such. Formal stage subjects form their judgements according to a 
combinatorial system having the form of the sixteen binary propositions. 
Combinations one-by-one, two-by-two, three-by-three, four or zero of 
the four base possibilities are taken. This formal mode of reasoning, 
founded on the combinations of factors, leads the subject to a new 
conception of the cause of the color. This cause is no longer sought 


in one or another of the solutions but in their being brought together, 
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in the very fact of their combination. 

In the combination of chemical bodies problem, the difference 
between subjects at the two substages of the formal level, designated 
Fy and Fy respectively, is one of degree. The oniy innovations of the 
later substage F, are that the combinations, and more particularly the 
proofs, emerge in a more systematic fashion. Although the results are 


the same as in substage F they are discovered by a more direct method. 


Le 


This is because the substage F, subject makes use of combinations 


2 
involving substitution and addition with greater efficiency to determine 
the respective effects of the respective solutions. For example, once 
the Fy subject establishes the fact that the color is due to the 
combinations of solutions 1, 3, and "a", he then replaces solution "a" 
with solution 2 and then by solution 4 to see if they have equivalent 
effects. He then goes back to solutions 1, 3 and "a" and adds solutions 
2 and 4 alternately to the mixture to determine the effects of these 


additions. In this manner the F, subject arrives at the solution by a 


2 
more direct and systematic means. This type of reasoning is clearly 
beyond the concrete operational subject. In their classic study on 
formal operations, Inhelder and Piaget (1958) describe fully the tech- 
niques used in experiments such as the above to ascertain the stage and 
substage of cognitive development of the subject. Two of the instruments 
used in the present study closely parallel the combination of colorless 
chemical bodies task described in The Growth of Logteal Thinking. t 

These tasks, labelled PT 1 and PT 2, are used as measures of the degree 
of cognitive development of the students. 


Many of the problems that beset students in the area of chemical 


equilibrium require reasoning at a formal level. Certain misconceptions 
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held by students in this area of chemistry may be related to their 
inability to adequately deal with certain cognitive transformations 


associated with formal operational thought. 
Statement of the Problem 


The main purpose of this investigation is to determine the 
nature of student misconceptions in chemical equilibrium and ascertain 
the extent to which certain misconceptions are related to the student's 
performance on specific tasks involving cognitive transformations 


characteristic of the concrete and formal operational stages. 


Weed for the study 


In supporting the need for the study it is assumed that intellec- 
tual development follows an ordered sequence—a sequence which, until 
proof to the contrary, appears to be universal. In an earlier work 
Piaget (1950) writes: 

Every structure is to be thought of as a particular form 

of equilibrium, more or less stable within its restricted field 
and losing its stability on reaching the limits of the field. 
But these structures, forming different levels, are to be 


regarded as succeeding one another according to a law of 


development, such that each brings about a more inclusive and 
Stable equilibrium than at the preceding level. Intelligence is 


thus only a generic term to indicate the superior forms of 

organization or equilibrium of cognitive structurings (p. 16). 
Thought develops through a series of stages where new mental structures 
emerge from the old ones by means of the dual processes of adaptation: 
assimilation and accommodation. ‘The development of intelligence 
involves a progressively more complex balancing ra eaculioetaisng of 


these two processes with each stage of schemata containing the preceding 


stage within its organization. Faced with novel experiences the subject 
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seeks to assimilate them into his existing mental framework. 

Mental development is more than a mere accumulation of 

isolated and unrelated experiences; it is an hierarchical 
process with the later acquisitions being built upon and 
at the same time expanding upon the earlier ones (Ginsburg 
and Opper, 1969). 

Hence it would seem to serve little purpose to attempt to teach 
chemical equilibrium, or any other abstract notion which requires the 
existence of reasoning at a formal operational level, without some 
awareness of the current cognitive level of the student. Three of the 
instruments used in the present study are used as measures of the 
cognitive level of the student. Certain misconceptions that may be 
present concerning chemical equilibrium are also investigated. Any 
instructional strategies that may be devised to promote a better under- 
standing of chemical equilibrium must clearly be based on a clear 
delineation of the conceptual problems encountered by students in this 
area. 

Ausubel (1965) supports the necessity for teachers to be aware 
of the student's developmental level of cognition, if effective teaching 
is to be achieved in science. He writes: 

In my opinion, the most significant advances that have 

occurred in recent years in the teaching of such subjects as 
mathematics, chemistry, physics, and biology have been 
predicated on the assumption that efficient learning and 
functional retention of ideas and information are largely 
dependent upon the adequacy of cognitive structure. That is, 
upon the adequacy of an individual's existing organization, 


stability, and clarity of knowledge in a particular subject 
matter field. 


It should be noted that the concept of cognitive structure to 
Ausubel refers more to the structure of the existing subject-matter 
concepts than to the structure of cognitive operations in a Piagetian 


sense. However, while Ausubel and Piaget differ in their views on the 
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10 
nature of cognitive structure, they would both agree that it is only 
when some degree of awareness of the student's current level of cogni- 
tive development is achieved that experiences can be made available to 
facilitate development. 

Hence it is largely by strengthening relevant aspects of 
cognitive structure that new learning and retention can be 
facilitated. When we deliberately attempt to influence 
cognitive structure so as to maximize meaningful learning 
and retention, we come to the heart of the educative process 
(Ausubel, 1965). 

The relationship between student achievement in chemistry and 
performance on selected problems involving cognitive skills needs to be 
investigated. There is little justification to be found in assuming 
uniformity of intellectual development among students in any given 
classroom. Unfortunately, much of the science teaching one observes all 
too frequently reflects such an assumption. Recent studies in science 
teaching based on Piaget's theory of intellectual development (Buell 
and Bradley, 1972; Bass and Montaque, 1972) show that many students do 
not always function at the cognitive level of which they are capable. 

The study conducted by Bass and Montaque (1972) concerned two 
problems from the general area of physical science: equilibrium in a 
simple see-saw type balance; and equilibrium of a cart on an inclined 
plane. The purpose of the study was to translate Piaget's developmental 
sequences into an hierarchy of instructional objectives and instruc- 
tional materials for the two problems. Objectives consistent with 
Piaget's findings on the balance and the inclined plane were evaluated 
through classroom trials with 133 ninth-grade physical science students. 


It was expected that the ninth-grade students, most of whom were either 


14 or 15 years of age, would be capable of thinking at the formal or 
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11 
substage Fy level. Data were collected by means of a pre- and post-test 
designed for the study and through analysis of the student's responses 
on the self-instructional sequences. Results on the pretest showed that 
for the balance and inclined plane problem only 45 and 44 percent, 


respectively, of the students were at substage F The percentage of 


> 
the sample operating at substage Fy on the balance increased from 45 
percent on the pretest to 75 percent on the posttest. For the inclined 
plane problem the percentage of students operating at substage Fy 
increased from 44 percent to 61 percent. 

The results of the Bass and Montaque study suggest that the 
hierarchy of objectives derived from Piaget's analysis of the balance 
problem and the instructional materials based on these objectives were 
effective with the ninth grade sample. However, the objectives for the 
inclined plane were not found to be hierarchical. These findings 
strongly suggest that, where feasible, the instructional sequence should 
parallel the sequence of development of the child's area. Further 
studies to supplement Piaget's more general descriptions of child 
thought on scientific concepts would be an important contribution to 
science education. The present study attempts to ascertain the role of 
formal reasoning as seen by Piaget in the specific area of chemical 
equilibrium at the high school level. 

Piaget's work is important for the psychology of cognition 
especially as it pertains to children and adolescents because it 
identifies, at least tentatively, significant changes in cognitive 
capacities, processes, and phenomena as a function of age, experience, 


and intellectual sophistication. Science curricula such as CHEM Study 


increasingly de-emphasize concrete and empirical methods while requiring 
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LZ 
a greater degree of abstraction and propositional thinking by the student. 
This suggests an even greater need for the science educator to clearly 
distinguish between the chronological age and the current level of coegni- 
tive development of his students. 

The concept of chemical equilibrium has long been recognized as 
one of the most important principles in chemistry. If a relationship 
between student misconceptions in chemical equilibrium and ability to 
deal with certain logical cognitive transformations can be established, 
teachers may be better equipped to anticipate and perhaps minimize 
problems while teaching specific sections on chemical equilibrium. The 
identification of misconceptions in chemical equilibrium may allow 
specific instructional strategies to be devised which result in a more 
efficient treatment of the topic. 

Further, the extent to which certain misconceptions occur in 
chemical equilibrium may reveal the need for extensive beforehand review 
of certain prerequisite concepts in this area. It may also reveal a 
need for review of more fundamental concepts like Kinetic Molecular 
Theory (KMT). While concepts such as KMT are not unique to chemistry, 
they are nevertheless necessary for a firm understanding of the discip- 
line. Problems arising from questions involving quantitative aspects 
of chemical equilibrium may suggest certain deficiencies in basic mathe~ 
matical operations and skills. Experiences may then be offered to the 
students to facilitate development in these areas. 

The approach used in this. study, together with the type of instru- 
ments used, may well prove useful in identifying misconceptions held by 
students in other areas of high school science teaching. The basic 


design of the instruments used in the study is independent of the subject 
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content and could be readily adapted for study in other areas. 

If research in science teaching is to be truly helpful it must be 
concerned with detailed curriculum specifications and prescriptions 
(Belanger, 1964). In this regard it should be noted that Piaget is 
basically concerned with describing the "generalized knower" (the 
epistemic subject) and while such description sheds profound insight on 
epistemological problems, it lacks the fine-structure required for use 
in the science classroom.. The developmental sequences outlined by 
Piaget can only serve as a guideline for detailed curriculum develop- 
ment. The studies of Bass and Montaque (1972), described earlier, and 
of Ravens (1967), dealing with the concept of momentum in children, stand 
out as examples of the kind of research so badly needed in this area. 

The approach taken in the present study to identify and classify 
types of misconceptions in chemical equilibrium serves a two-fold 
purpose. First, it determines specific misconceptions and ascertains 
the extent to which they occur. Second, by virtue of requiring 
students to state their reasoning for their responses, greater insight 
into the nature of misconceptions present may be possible. This pro- 
cedure serves to distinguish between those students who incorrectly 
answer a question because of a misconception and those who answer 
incorrectly out of ignorance of the subject matter. 

The present study may further offer suggestions as to the most 
efficient method of presenting the topic of chemical equilibrium to 
high peloel students. If, for example, misconceptions are found to be 
prevalent in various kinds of equilibrium problem as covered in the 
present chemistry course, one may question the merits of the essenti- 


ally deductive CHEM Study approach taken to this topic. The adoption 
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14 
of a more inductive approach to chemical equilibrium involving many more 
specific examples of equilibria may have merit as a psychological basis 


for presentation. 


Definition of Terms 


Chemical Equilibrium :* A state of affairs in which a chemical 
reaction and its reverse reaction are taking place at equal rates so that 
the concentrations of reacting substances remain constant. Specifically 
those examples of chemical equilibrium which will be considered deal with 
homogeneous gas reactions, phase changes, and aqueous solutions of ionic 


solids. 


INRC Group Model (Piaget): The group of four transformations: 
identity (1), negation (N), reciprocity (R), and correlativity (C), 
corresponding to certain fundamental structures of thought at the formal 
level. For purposes of the study the INRC group model refers to the 
physical INRC group as defined by Flavell (1963, p. 217) and clarified 


by Parsons (1960). 


Misconceptton: The act whereby-a student, through incorrect 
reasoning, arrives at an inaccurate or erroneous answer to a problem as 
measured by the Misconception Identification Test (MIT). Misconceptions 
can be of three types: 

Type I - The chosen response is correct but the stated 

reasoning is incorrect, or not applicable. 

Type II - The chosen response is incorrect but the stated 

reasoning is correct as far as it goes. 

Type III - Both the chosen response and stated reasoning are 


incorrect. 
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15 
The six major misconceptions under investigation are the 
following: 
Misconception i. Mass versus Concentration — 

- inability to distinguish between the 

concepts of mass and concentration. 
Misconception 2, Rate versus Extent — 

- inability to distinguish between how fast a 
reaction proceeds (rate), and how far (extent) 
the reaction goes. 

Misconception 3. ‘Constancy’ of the Equilibrium Constant — 

- uncertainty as to when the equilibrium 

constant is in fact a constant. 
Misconception 4. Misuse of Le Chatelier's Principle — 

- the application of 'Le Chatelier type' 

reasoning in inappropriate situations. 
Misconception 5. Constant Concentration — 

- inability to appreciate that certain 
substances display a fixed or constant 
concentration in certain chemical reactions. 

Misconception 6. Competing Equilibria — 

- inability to consider all possible factors 

affecting the equilibrium condition of a 


chemical system. 


Misconception Identification Test (MIT): A 30 item, 4 distractor 
multiple choice, open book test based on examples of chemical equilibria 


constructed for the study which requires students to predict the effect 
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16 
of manipulating variables on the equilibrium condition of several chem- 
ical systems. The MIT consists of six subtests corresponding to each of 
the six major misconceptions (1-6) defined above. In addition some 
questions require the student to justify his prediction for several items 
by stating the reasoning involved in his choice and the law or principle 


used in arriving at his responses. The MIT is presented in Appendix A. 


Misconceptton Score: Refers to the score a student obtains on a 
subtest of the Misconception Identification Test (MIT) when the MIT is 


keyed according to a given misconception. 


Performance Score: Refers to the score a student obtains on a 
subtest of the Misconception Identification Test (MIT) when the MIT is 
keyed accurately in a chemical sense. 

The performance score and the misconception score for each student 
on each subtest of the MIT are used to determine whether or not the 
student possesses a particular misconception. Performance and miscon- 


ception scores are more fully discussed in Chapter IV. 


Operation: Any representational act which is an integral part 
of an organized network of related acts (Flavell, 1963, p. 166). Opera- 
tions constitute among themselves closed systems whose most important 
characteristic is their reversibility. The isolated operation cannot 
be the proper unit of analysis, because it gains its meaning from the 
system of which it is a part. 

PLageviansiaske (PT iand PT ‘2, SK6): "Refer tov threevor the 
test instruments used in the study. These are the-combination of 
colorless chemical bodies tasks, designated PT 1 and PT 2, and the 


Skemp Test (SK6). Performance on these tasks is used as a measure of 
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the student's level of cognitive development. PT 1 and PT 2 are 
presented in Appendix D and SK6 is presented in Appendix C. (The 
Piagetian tasks are discussed more fully under the section dealing with 


experimental procedure in this chapter.) 


Reverstbtlity: The possibility of performing a given action in 
a reversed direction. Its two chief forms are: negation (not male = 
female) and reciprocity (not better = worse). Reversibility is the 


basic criterion of an underlying operational structure. 


Transformatton: The name given to the process by which operations 
can be changed in form. For example, the inverse or negation of the 
operation of adding weight to a balance is the removal of that weight. 
The system contains two distinct and different operations, p and q, 
which have exactly equivalent outcomes and two other operations, p* and 
q*, which nullify or undo p and q respectively. 

The four transformations within this system of operations are as 
follows: 

1. Identity (1): The 'null' transformation which changes 
nothing in the operation on which it is performed. I (p)=p, I(q)=q, 
I(p*)=p* and so on. For example, in dealing with the problem of the 
scale balance the identity transformation of the operation of adding 
weight to the pan (p) is the original operation itself. Identity does 
not change the original operation and is similar to the mathematician's 
unity. 

2. Negation or Inversion (N): The transformation which results 
in cancelling or undoing the original operation. N(p)=p*, N(q)=q*, 


N(p*)=p, and so on. Here the inverse or negation of the operation of 
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adding weight to the pan is the removal of that weight from the pan. 

3. Reciprocity (R): The transformation, having the same ulti- 
mate effect as negation, which compensates or neutralizes the effect 
of an operation by a symmetrical, equal and opposite counter force. 
R(p)=q*, r(q)=p*, r(p*)=q, and so on. For example, the operation of 
adding weight to the right-hand arm of the balance is the reciprocal 
transformation of adding weight to the left-hand one. Although the 
reciprocal has the same effect as the negation transformation, that of 
restoring the scale balance to its original equilibrium, it is achieved 
by a different route. In this sense reciprocity is a different type 
of reversibility. 

4, Correlativity (C): The product of negation and reciprocity 
or cancelled compensation. C(p)=N(R[p])=q, C(q)=p, and so on. Here 
the negation of the reciprocal transformation carried out on the opera- 
tion of adding weight to the right balance pan results in a net effect 
of removing an Baar weight from the left pan. Here C=NR (and C=RN). 
Summing up we see the above transformation form a four group such that: 
the correlative C is the inverse N of the reciprocal R, so that C=NR 
(and C=RN). Likewise R=CN (or R=NC) and N=CR (or RC). Also I=RCN (or 


CRN). 


Research Hypotheses 


As the study is seen to encompass two main areas of concern, the 
hypotheses are stated accordingly: 
Hypothesis 1.0: The rate of incidence of specific misconceptions in 
chemical equilibrium consistently exceeds that 


expected by chance. 
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Hypothests 2.0: There is no significant relationship between student 
achievement in chemistry and performance on selected 
Piagetian tasks. 

The following null hypotheses series depend upon the relation- 
ship between the performance on selected Piagetian tasks and student 
achievement in chemistry. If a relationship is found to exist between 
achievement in chemistry and performance on the Piagetian tasks, its 
effects on the following null hypotheses must be taken into considera- 
e100. )-tt no relationship is: found, hypotheses: 2.1 ),.2.2.2.3, and2.4 
will be tested separately. 

Hypothesis 2.1: There is no significant relationship between the 
number of misconceptions a student demonstrates in 
solving selected problems in chemical equilibrium and 
performance on selected Piagetian tasks. 

Hypothests 2,2: There is no significant relationship between specific 
misconceptions in chemical equilibrium and performance 
on selected Piagetian tasks. 

Hypothests 2,3: There is no significant relationship between the 
number of student misconceptions in chemical equilib- 
rium and achievement in chemistry. 

Hypothests 2,4: There is no significant relationship between selected 
misconceptions in chemical equilibrium and achievement 


in chemistry. 


Associated Questions 


In addition several associated questions. which will be examined 
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in this study are: 
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1. Is there a significant difference between male and female 
students in the number of misconceptions in chemical 
equilibrium? 
2. Is there a significant relationship between specific 
misconceptions and the sex of the student? 
3. Is the degree of student misconceptualization in chemical 


equilibrium related to mathematical ability? 
Experimental Procedure 


The Sample 

The sample for the main study comprised 99 students enrolled in 
the Chemistry 30X program in two high schools in the.Edmonton Public 
and Separate School Systems. In all, five classes were involved during 


the 1973 spring semester. 


Testing Procedure 

Four main test instruments were used in the study: 

Lr Sane Misconception Tent ioatien Test (MIT), described earlier, 
which asked students to predict the oe of various variables on the 
equilibrium condition of several chemical reactions. The MIT is used 
as a measure of both the nature of (that is, identification of) and 
degree of misconceptualization in the area of chemical equilibrium. 

2. Chemistry Achievement Test (CHAT): A 33 item multiple 
choice, 5 distractor open book achievement test based on Chapters 7, 8, 
9, and 10 of the CHEM Study Bext: The CHAT devised by Lantz (1972) has 
a reliability of 0.71 (KR20) aaa deals with the following topics: 
"Energy Effect in Chemical Reactions," "Equilibrium in Chemical Reac- 


tions," "The Rate of Chemical Reactions," and "Solubility Equilibria." 
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The CHAT is presented in Appendix B. 

3. Skemp Test (SK6, Part II): This test, devised by R. R. Skemp 
of Manchester University, consists of 45 geometric test items based on 
ten clearly defined operations. Prior to the administration of the 
SK6, Part II, students are given a practice sheet and a demonstration 
sheet illustrating these operations. This is followed by the SK6 
(Part I) test used to gain further familiarity with the operations. 

An answer sheet is provided for SK6 (Part I), and questions concerning 
the operations are answered prior to the administration of the SK6 
(Part II). Items on the SK6 (Part II) involve transtormations of 
reversibility, both negation and reciprocity, and combination in 
addition to items requiring various types of combinations of these 
transformations. Performance on the three sections of the Skemp Test 
is used as a measure of the student's ability to use the INRC group 
model. The Skemp Test is presented in Appendix C. 

4, The combination of Colorless Chemical Bodies Tasks, PT 1 and 

Piagetian Task I (PT 1) is based on the combination of colorless 
chemical bodies task described in Inhelder and Piaget (1958, p. 107-122). 
The task requires the subject to produce a yellow color by manipulating 
five colorless numbered chemical solutions. The solutions are numbered 
as follows: (1) dilute sulphuric acid; (2) water, (3) hyrogen peroxide; 
(4) sodium sulphite and solution ‘a’ containing potassium iodide. 

Since the peroxide solution A aes tae a potassium iodide in an acid 
medium, the mixture of Apacer 1, 3, and 'a* will yield a yellow color. 
The water solution (2) is neutral, whereas the sulphite solution (4) 


will bleach the mixture of 1, 3, and ‘'a'. The student is asked to 
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record his approach to the problem in a step-by-step fashion on a 
separate sheet provided. Further, he is asked to investigate the solu- 
tions as much as he can to determine the effect of each one. As such 
PT 1 involves combinational operations in their general form and 
includes notions relative to inversion and reciprocity. In a manner 
similar to the classical investigation carried out by Inhelder and 
Piaget (1958) the student's method and approach used to solve the task 
will form the criteria for evaluation of individual performance on the 
PT 1. A more detailed discussion of these criteria is presented in 
this chapter. PT 1 is presented in Appendix D. 

Piagetian Task 2 (PT 2) is a task devised for the study which 
closeiy parallels PT 1 in its format. PT 2 involves the combination 
of five labelled colorless, chemical solutions to yield a yellow 
coloration. The solutions are numbered (1) water; (2) starch; (3) 
sodium sulphite; (4) chlorine water; and solution 'b' containing 
potassium iodide. The chlorine water will oxidize the iodide solution 
resulting in the mixture of 4 and 'b' producing the yellow cohosaigas 
in PT 1 the sulphite solution (3) fee the effect of bleaching the 
mixture 4 and 'b', the water solution (1) has no effect. The starch 
solution (2) forms a deep blue color with 4 and 'b'. The sulphite 
solution (2) also bleaches the deep blue color. 

The students are required to record nee solution ‘to PT 2s0n 
the separate sheet provided. PT 2 is presented in Appendix D. In 
addition, the Grade Nine Co-operative School and Coilege Ability Test, 


Form 3A (SCAT) scores were obtained for each individual, where possible. 
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Pilot Study 

Pilot projects involving the Misconception Identification Test 
(MIT) and two of the Piagetian Tasks were conducted prior to the formal 
administration of the test instruments. The initial form of the MIT 
was distributed to several experienced chemistry teachers and professors 
in order to assess its accuracy, clarity, degree of difficulty and 
relevance to its intended purpose. After incorporating suggested 
changes deemed necessary by the consultants, the MIT was then admin- 
istered to three Chemistry 30X classes in order to further refine the 
instrument. An assessment of the reliability and validity of the MIT 
was then made on the basis of an item analysis for all questions on 
the instrument. This resulted in rephrasing the wording of several 
items in accordance with the CHEM Study terminology together with the 
decision to make the MIT an open-book examination. 

In a similar manner the two Piagetian tasks (both are forms of 
the Combination of Colorless Bodies Task) were pretested using the same 
students. Following the correction of certain difficulties associated 
with the directions for performing these tasks, final versions for both 
forms were developed. To gain familiarity with the administration and 
use of both the Chemistry Achievement Test (CHAT) and the Skemp Test 
(SK6) these were given to the 62 students in the three Chemistry 30X 


classes used in the pilot study. 


Sequence of Test Admtnistratton 
In the main study the Chemistry Achievement Test (CHAT) was 
administered first, followed by the Misconception Identification Test 


(MIT), the Skemp Test (SK6) and the two Piagetian Tasks (PT 1 and PT 2). 
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24 
Both the CHAT and the MIT were administered following completion of the 
topics covered in the tests being taught in the regular classroom 
setting. As the Skemp Test SK6 and the Piagetian Tasks (PT 1 and PT 2) 
were deemed independent of the specific chemistry content covered, they 


were administered approximately one week later. 


Delimitations 


Since the Chemistry Achievement Test (CHAT) deals with only four 
of the eight chapters in the Chemistry 30X course, any generalization 
regarding chemistry Bai tenenicant will have to be restricted to the 
topics covered by the CHAT. While teacher methodology and degree of 
emphasis given to the topics covered by the CHATwere not Her aa the 
i er a teachers were asked for this information in order to 
detect any obvious omissions or irregular situations. 

The nature of the Piagetian tasks, mainly of the non-verbal, paper 
and pencil variety, necessitates the delimitation of any generalizations 
regarding the student's performance on these tasks to those situations 
tested. While the investigator notes that certain cognitive skills may 
be more relevant to chemical equilibrium, an overemphasis on the 
specificity of these competencies should not be encouraged. Further, 
the application of the INRC model to the chemical equilibrium problem 
situations investigated in this study only serves as an example of one 
area of application of formal operations in adolescent thinking. A more 
definitive study to fully investigate the role of each of the INRC 
transformations is clearly beyond the scope of this study, although the 
approach taken in the present study may reveal some guidelines for such 


research, 
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Limitations 


One limitation of the study concerns the possible oversimplifi- 
cation of the nature of the misconceptualization as measured by the 
Misconception Identification Test (MIT). The items in the MIT were 
designed to elicit certain types of misconceptions as perceived by the 
investigator, in consultation with experienced people in the field. 

The misconceptions identified by this instrument are those which are 
deemed critical to a firm understanding of chemical equilibrium at the 
high school level, and not necessarily exhaustive of the domain of 
possible misconceptions in this area. 

A further limitation concerns the validity and reliability of 
the test instruments used. While the reliability of both the Chemistry 
Achievement Test (CHAT) and the Misconception Identification Test (MIT) 
can be assessed statistically, there exists no statistical means of 
assessing the ela of the series of Piagetian Tasks used to measure 
the level of cognitive functioning of the students. However, the 
tasks closely parallel those used in classical studies (Inhelder and 
Piaget, 1958) and the Skemp Test SK6 has been used in other studies 
(Harrison, 1967). Both the feasibility and appropriateness of these 


tasks were discussed with Piagetian experts. 
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CHAPTER II 
THEORETICAL FRAMEWORK AND RELATED RESEARCH 
Introduction 


In order to place the present study in theoretical perspective, 
Piaget's theory of cognitive development is outlined here. Special 
emphasis is placed upon the INRC group logical model, its role in 
formal thought and its applicability to the present study. The review 
is presented from the point of view of a chemistry teacher who is 
primarily concerned with the practical implications of the model for 
classroom teaching and learning situations. 

The second part of the chapter is devoted to a review of research 
studies considered to be particularly relevant to the investigation 


being reported. 
Piaget's Cognitive Theory of Intellectual Development 


Perhaps he most important concept in Piaget's theory of cogni- 
tive growth is the "schema."" By this term Piaget refers to an internal- 
ized mental representation of a particular action, an internal structure 
which is linked with a certain pattern of behavior. Piaget uses the 
analogy of a Pathetetl al! Monerararnt and in fact refers to the highest 
levels of mental organization as "operational schema" or "operations." 

The a eeueaea of mental structures is conceived as the 
progressive internalization and Sol ies cicn of action. Through a 
series of more and more complex stages, the child gradually is able to 
free his thought processes from the motor activities upon which they 
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are based. Piaget sees these internal structures as hierarchically 
organized. The earliest schemata are physical actions upon the child's 
immediate environment. These become internally represented as the 
child moves through symbolic and perceptual representations of action 
to fully abstract mental concepts. Each stage of schemata contains 

the preceding stage within its organization but the earlier stage has 
been further broadened, complicated, and enriched by interaction with 
other schemata. The new level is a sensitively balanced "equilibrium" 
of interlocking mental structures. 

Thought develops out of an encounter between the growing child 
and his environment. Piaget employs the biological concept of "adapta- 
tion" to account for change and growth in mental life. The two comple- 
mentary principles of adaptation are "assimilation" and "accommodation," 
In assimilation, the child has an existing schema or rule of action 
towards a particular group of objects. In accommodation he must modify 
his existing schema to incorporate new objects into his domain. The 
critical difference between the two processes seems to be in the degree 
of discrepancy between the newly discovered object and the old schema. 
The only real change in behavior, and thereby in mental structure, 
occurs in accommodation. Nevertheless, adaptation is a balancing off 
of both assimilation and accommodation. The result at any moment is a 
"semi-mobile equilibrium," an equilibrium in the sense of a balance 
between the two processes, and semi-mobile in the sense that it is 
always subject to reorganization: whenever discrepancy forces the child 
to move to a new stage. 

In a child's development of operational structures, the basis of 


knowledge, Piaget has distinguished four main stages: a sensori-motor, 
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pre-verbal stage, extending through approximately the first eighteen 
months of life; a pre-operational stage extending from about eighteen 
months to about seven years; a concrete operations stage from about 
seven years to about eleven or twelve years; and a formal operations 
Stage which begins at about eleven or twelve years of age. Although 
the order of the developmental stages is constant, the chronological 
ages corresponding to the stages vary a great deal from culture to 
culture and individual to individual (Dodwell, 1960; Price-Williams, 
1961). 

Between the birth of the infant and the ages of one and one half 
to two years, the child moves through six substages of sensori~motor 
intelligence. The scope of this development may be seen by comparing 
the earliest period where the child has only a few reflexive schemata 
at his command, and the final period where he is able to imitate an 
absent model, search for and find a hidden object and show considerable 
evidence of internal mental activity. He realizes that objects which 
are no longer in the immediate here and now still continue to exist, 
but his appreciation of them is tied to concrete actions. 

From two to four years, the child increases his capacity for 
stable internal images of external events and actions. Imitation, play 
and language development are the primary achievements of this period. 
Thought, however, is "transductive"; the child reasons from particular 
to particular and his symbolic activity is frequently very idiosyncratic. 
In the "intuitive" phase, he begins to show beginning of logical 
thought, but his thinking is highly unstable and ie tied to perceptual 
arrangement. The issue of centration and decentration of thinking is 


relevant to this period, and is most clearly illustrated by reference 
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29 
to Piaget's studies of the concept of number. Nonconservation occurs 
at this stage with respect to number, space, duration, quantity, classes, 
series, weight and volume. The child's concrete thought processes are 
said to be irreversible. 

Between the ages of seven to eight and eleven or twelve, an 
important development of thinking, not yet separated from its concrete 
context, is formed. Examples of operations developed in this stage of 
concrete operations include those of classification and of ordering. 
Included are operations of spatial and temporal nature, operations of 
the elementary logic of classes and relations, and operations of 
elementary mathematics (associativity, closure), geometry and physics. 
All operations are concrete in the sense that they operate on real 
objects. 

The yet incomplete systems of operations are characterized by two 
forms of reversibility: negation, in which a perceived change is seen 
to be annulled by its corresponding negative thought operation; and 
reciprocity, in which, for example, "being a foreigner" is seen as a 
reciprocal relationship and before-behind spatial relationships are seen 
as relative. At this level, the two forms of reversibility are employed 
independently of one another. 

The capacity for formal, logical, abstract thought appears at 


' about 


about age eleven or twelve. Reasoning about the "possible,' 
ideas and events which are in the past, the future, or the imagination, 
is now within the person's scope. The ability of the adolescent to 
transcend the immediate here and now is on a theoretical basis and 


therefore distinct from the child's fantasy and imagination found in 


earlier periods. Such conditional concepts as proportions, probabilities, 
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30 
permutations, and combinations are available to the adolescent, as is 
the capacity to perform "logical experiments," to formulate hypotheses 
and test them, and to do all this without necessary reference to 
concrete materials or images. The adolescent's system of mental oper- 
ations, now highly flexible, has reached a high degree of equilibrium. 
According to Piaget, thinking now manifests the qualities of pure 
mathematics or logic. 

The essential attribute of formal thought is its orientation 
towards the possible and hypothetical (Flavell, 1963, p. 212). One 
Pet econatase of this orientation is the adolescent's tendency to 
explore all possibilities by subjecting the problem sda to a 
combinational analysis. In the present study the Piagetian Tasks 
(PT 1 and PT 2) involving the combination of colorless liquids clearly 
illustrates how the adolescent deals with such problems (Inhelder and 
Piaget, 1958, p. 107-122). 

For illustrative purposes let p represent the formation of the 
yellow coloration produced in the first Piagetian Task (PT 1). P 
represents the absence of the yellow color. If q represents the water 
solution used in the task, then q represents its absence and the 
following is seen to occur. As the adolescent begins experimentation 
with the 16 possible combinations involved in the task he may correctly 
note that the yellow color is present when the water solution is 
present in the mixture (i.e., p.q). The younger child might conclude 
(incorrectly in this case) that the water solution is responsible for 
the yellow color (i.e., that p implies q). The adolescent on the other 
hand, aware of the totality of possibilities in the task, proceeds to 


test the possibilities by further experimentation. He establishes that 


a hy 


GE 


ot an leas eutaks Shes): aadiataieus, saad eno 
teaniiog?s ofsTievneel og ‘ ccemit eens rogaine 

cs swersisy Yanmiease gvOss zl ‘wav fbeviab oe eer 
tage lrsnas 76 seers Fionesdelone eat ceageal fo xtebiosom 
liups fo s@yenh ig ) 5 PatORg® : van ad “ight we 


oy bh aptrifene end eThoE boa wert te goal OF 
—) ' sagt rt 
TOT IU Ga WW sy a1 OH “Levrrenl te - esd rade! thrrnneee ite 
PIRES. « Oi , Pigwely oh of samthonsea | ren pidindey oid 0b 
1 wsriod ingaeninba 4He, sf HOLM Maa! 20): eTEF 20 ania * 
| os = 
ay ee girrhy ge Moy Gals ‘Betas ewer ye Sareea lis 4 Sty 
| Bae) 
*igealS ade vbote ioe isha Es aboxiunte t 


fewels eptoght sadizo los ta Hokvenedaas/ Bed idles site Ca bal iat 


ap 


neieiortir taba sit ky, almet ‘5 suantene een’ 
“i va 

\ (Sepae cai ie 
O mmipderto? end tiresvuse 4 ral eadaquirg overetaaat tk ae! 


G ,Cf 24) det pete sog tt a8ehe oe vit benuborg soksnrotos’’ 


Yelau oft ateronsyoos ip 21.) . tales 7S ai 5a sottMide oly Si 
sf? hao somadaveth asguaarietn p ‘derty, sie) itt” vit bebigas moh sutea 4 
noi etuerctl Youre eintaht Srisiaie Babin ify A bee ast mee et gutabtes : 


yissetias van sel steed Siioiteh) bor loved eaok Secure abd bata ot sate a a 


a0 a | 


ef @etivios tmaI3ew' iieat) tiayiv alate ed tdlses wol Coy ond set 990m 
Shotoes' tiginm Gide adioticek BHT: Aatgeg isl: warded ud? nk Ca a 
40% eitireppqne: 2% noltwhow doo ody, anda Yoaaa: allite ah eiseareponny 
S80 403, ne srmoanlobs GAY vip eeitqnr saeta ~9kk) voles weitere ite, 
oof Shamitivey Rens: aid ob: waligubartoeacd a’ eaRARAS ‘pitt ‘0. sane! tami 


~~, ms 


a 

p-q, p-q and p.q also hold and therefore correctly concludes that the 
water solution q is causally irrelevant to the yellow coloration p. 
In a similar manner other variables in the solution tasks (the acid 
solution, the color-inhibiting solution, etc.) are fully investigated 
by the adolescent before conclusions are drawn. The Inhelder and 
Piaget volume on adolescent reasoning (1958) abounds with instances 
of this kind of problem-solving strategy. In extensive experiments 
involving the combination of solutions task they have categorized 
subjects according to both concrete and formal operations stage in 
addition to the substages at each level. Both Piagetian tasks (PT l 
and PT 2) are closely related to the classical experiment on colorless 
solutions conducted by Inhelder and Piaget. The criteria used to deter- 
mine the cognitive level of students in the experiments conducted by 
Inhelder and Piaget (1958) form the basis for evaluation of PT 1 and 
PT 2 used in the present study. 

The basic criteria for determining performance on the Piagetian 


tasks (PT 1 and PT 2) are as follows: 


Early Conerete Stage (Cz) 
In the early concrete stage (C,) the only spontaneous reactions 
of the student are either to associate each one of the solutions 1 to 
4 in turn with solution "a' or to take all four at the same time. At 
this level the student does not think of attributing the yellow color 
to the combination of several solutions as such. Rather he thinks of 
the color in terms of a single solution itself. 
The idea of constructing combinations two-by-two or three-by-three, 
etc., does not occur to students at this level. Further, they are unable 


to account for the effect of solution 4 (the color-inhibiting solution). 
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Late Conerete Stage (C,) 

In the late concrete stage, student reactions are similar to 
those of Cc) but more advanced. The most visible progress is the 
appearance of n-by-n combinations. However the students still do not 
discover any system and only tentative empirical efforts are involved. 

Students at the level of C, usually begin by multiplying each 
solution by solution 'a'. They then spontaneously use two-by-two or 
three-by-three combinations (each time with solution 'a'). The yellow 
color is still associated with particular solutions and not combina- 
tions of solutions. Students here do not carry out a systematic 
investigation of even the six possible two-by-two combinations of 
solutions with solution ‘a’. 

The fact that combinations performed by students at this level 
are non-systematic defines the upper limit of this stage. Although many 
students discover the cause of the yellow color and even the negative 


effect of solution 4, it is only by direct manipulation and lacks any 


specific method of proof. 


Early Formal Stage (F1) 


At the level designated F, the major developments are the emer- 


si 
gence of a systemattc method in the use of n-by-n combinations, and an 
andersranding of the fact that the color is due to the combination of 
the solutions. The six possible 2x2 combinations (with solution ast) 
are easily attained by students. 

Once the yellow color is found (solutions 1 and 3 and 'a') the 


student operating at the F level is not content with a single solution 


to the problem and investigates other combinations. Students can 
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distinguish between solutions 2 (neutral) and 4 (negative effect) by 
the use of addition and substitution combinations. 

In contrast to the earlier concrete stages students at the early 
“formal stage perceive the totality of combinations possible and 
investigate the problem. However in practice the methods used by many 
students at this level are seen to involve redundant combinations and 


lack certain refinements present in the late formal stage (Fy). 


Late Formal Stage (F.) 
The difference between stages Fy and Fy is only one of degree. 


Students at the level designated F, are seen to be more systematic than 


2 


at Fy and the solutions for the task and the effects of particular 
solutions are arrived at by a more direct method. As with students at 
the early formal stage substitution and addition combinations are used 
to investigate the different effects of solutions 2 and 4. However 
their use at this level is more sophisticated and they are carried out 
with greater speed. 

Students at the late formal level are fully aware of the inherent 


possibilities of the solutions problem and are capable of devising a 


minimum strategy to arrive at the full solution. 


The INRC Group Model 


The INRC group model is an attempt to specify the rules which 
the adolescent uses in manipulating or transforming functions. The four 
rules or transformations are: ‘eS (1), negation (N), reciprocity 
(R) and correlativity (C). A ie ae ability to apply these trans- 


formations as a group in problem-solving situations provides the basis 
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for cognitive level categorization. 

It should be pointed out that two forms of the INRC group have 
been distinguished: the logical INRC group and the physical INRC group 
(Parsons, 1960). The logical INRC group deals with content consisting 
of propositional statements as described by Piaget (1946b), and Inhelder 
and Piaget (1958). The content of the other, the physical INRC group, 
entails physical operations (Flavell, 1963, p. 217). The need for 
distinction, according to Flavell, setae from Phe sdiecevenacs in the 
logical meaning of the two transformations of negation and reciprocity 
in the two contexts. For purposes of the present study the INRC group 
model refers to the physical INRC model as seen by Flavell (1963, p. 217) 
and as defined earlier. The negation (or inverse) operation, as its 
name suggests, involves the literal cancelling or undoing of an operation. 
Although it ultimately has the same effect as the reciprocal operation, it 
is achieved by a different route. The compensating or neutralizing 
effect produced by cae reciprocal operation is a result of the intro- 
duction of a symmetrical and equal and opposite counterforce. That is, 
in the physical INRC model, see ae directly annuls or undoes the 
operation while its reciprocal leaves the operation untouched by neutral- 
izingeitseaeffects 

The INRC model as used in the present study serves only as a 
theoretical model or schema for the description of student reasoning in 
the area of chemical equilibrium. Performance on both the Skemp test 
(SK6, Part II) on the Piagetian,tasks (PT 1 and PT 2) are deemed 
measures of the students!’ ability to use the INRC model. Piaget and 
his associates in dealing with problems involving physical systems of 


the (p p* q q*) type have shown that their formal~operational subject 
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is capable of identifying all four transformations of the INRC group 
and further that he views them as a system, with each operation bearing 
a specified relation to each other. 

In experimentation involving problems of mechanical equilibrium 
(the hydraulic press, the balance) certain types of conservation, 
probability and others, Piaget illustrates the dependency of reasoning 
at the formal level of the INRC group model. Only at the level of 
formal operations do the two forms of reversibility (negation and 
reciprocity) become truly integrated into a single system. 

The nature of the physical INRC group structure is well illus- 
trated in the snail problem (Inhelder and Piaget, 1958, p. 318-319; 
Piaget, 1946b, Chapter 5). In this experiment, a snail is set in motion 
on a plank which can be moved either in the same direction as the motion 
of the snail or in the opposite direction. If we let p represent a 
left to right movement of the snail on the board for a distance X, then 
p* represents the inverse, right to left movement of the snail on the 
board for a distance X. Hence p* returns the snail to the point of 
origin. Similarly q represents a left to right movement of the board 
on the table for a distance X and q* represents the inverse movement 
of the board on the table. Here the snail is assumed to be resting 
immobile on the board. The INRC transformations of these four opera- 
tions constitute an example of the "physical INRC group." 

For the snail-board aeons the identity transformation (1) 
leaves them unchanged. The negation (N) reverses the direction of 
motion. R reverses the directions and interchanges the two objects, 
the snail and board. For example, R transforms p to q* and p* to q. 


In other words the reciprocal of the snail moving from left to right on 
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the board (p) is the motion of the board from right to left. As we have 
seen, the net effect of the reciprocal transformation is identical to 
that produced by the negation or inversion transformation. 

In a similar fashion the correlative transformation can be shown 
to be the composition of N and R. To apply C the operation is first 
transformed by negation (N) followed by its reciprocal R, i.e., C(p)= 
N(R[p] )=q. 

Easley (1964) presents a more complete analysis of the snail 
problem in terms of the physical INRC group. Here the focus of the 
tee ab auton was on the connection between the INRC group and the snail 
problem to see how this abstract group api tee to a particular problem 
which can be tested in the classroom. 

The present study is concerned with the application of the 
physical INRC group transformations to problems involving chemical 
equilibrium. Consider the example of two chemical reactants A and B in 
equilibrium with the product C illustrated by: 

APEEAOD, Sar te 
Using this system for illustrative purposes it is possible to identify 
examples of the INRC transformation as follows: 

1) Identity (I). Here the student must appreciate that for a 
given temperature the equilibrium value, Tat pap remains 
constant, i.e., the equilibrium constant is a constant for 
a specified temperature. 

2) Negation (NW). Here the reduction in the concentration of the 


reactant A can be negated by increasing the concentration of 


B. 
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3) Rectproetty (R). Here the effect of either increasing the 
concentration of A or B or decreasing the concentration of C 
has a compensating net effect on the position of equilibrium 
of the system. 
4) Correlativity (C), Here the negation of a reciprocal trans- 
formation (the addition of A by the removal of B) can be 
achieved by simply increasing B. 
The two notions of reversibility (2 and 3 above) are clearly 
fundamental to the understanding of the sees It is only when 
the student comes to the realization that a given net effect on a chemical 
system at equilibrium can be achieved both through negation and reciprocal 
transformations that a firm understanding of the phenomenon is achieved. 
For example, the means by which more product C is produced can be achieved 
in two ways: by negation of an increased concentration of C (the removal 
of C), or by a reciprocal transformation, the addition of either or both 
A or B. Further examples of this nature would support the underlying 
necessity of the integration of the two forms of reversibility in dealing 
with the problems of chemical equilibrium. 
Many of the items on the Misconception Identification Test (MIT), 
in addition to their use in identifying major misconceptions in this 
area, involve particular transformations of the INRC. The attempt to 
relate individual items to specific transformations revealed that this 
is a highly complex matter which probably cannot be accomplished by a 
prtort logical analysis of the item alone. While empirical data on 
student reasoning appears necessary, a preliminary categorization was 


carried out. 
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38 
The INRC Group Model and the Misconeeption Identtfiecation Test (MIT) 
Table I presents the specific transformation corresponding to 
items on the MIT together with the relevant major misconception. 
Representative questions from the MIT illustrating the four 
transformations follow. All items discussed are taken directly from 


the complete MIT presented in Appendix A. 


1. Identity (zr) 
On 3d, Consider a cylinder (see diagram) 
1 Atm. 
containing an equilibrium mixture 


of X, Y, and H,O which react according 


Z 


to the equation: 


2X f+ HO Y, under a constant 


Someriad 
a 
pressure of one atmosphere. In the 


cylinder there is gaseous X, Y, and 


Ho0, together with some liquid water 


(in which X and Y are quite insoluble). 


+ liquid water 
Water vapor is added to the cylinder through a side valve, A. When the 
system returns to equilibrium, the number of moles of Y will be ....... 
Correct answer C 


Relevant misconception 5 (Constant 
concentration) 


To correctly answer Q. 30, the student must realize that the 
operation of adding water vapor to the system, already at equilibrium 
with excess liquid water, has no-effect. That is, the student carries 
out an identity transformation on the operation (adding water vapor) to 


correctly predict the effect, 
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TABLE. 1 
INRC Transformations and Relevant 
Misconceptions. for the MIT 


Relevant} INRC Relevant| INRC 
Keyed |Miscon- | Transfor- | Keyed |{Miscon- | Transfor- 


Item jAnswer | ception | mation Item j|Answer |ception | mation 
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Major misconceptions by number showing number 
of relevant items on the MIT: 


1. Mass vs. Concentration (4) 

2. Rate vs. Extent (5) 

3. ‘Constancy’ of Equilibrium Constant (5) 
4. Misuse of Le CHueetiee ne Principle (5) 
5. Constant Concentration (4) 


6. Competing Equilibria (7) 
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2. Negation (N) 
Q. 27. Some finely divided metallic silver is added to a litre of 0.1M 
ferric chloride with HCl, and the following equilibrium is set up: 
Re aa) + Ag(s) = Fe’ (aq) + Ag’ (aq). 
Assume that this is the only equilibrium established. 
This equilibrium mixture is diluted to 10 litres with distilled 
water. When equilibrium is again attained, the number of moles 
or metallic siiver present. Will be. cic sede 
Correct answer B 


Relevant misconception 5 (Constant 
™ concentration) 


In Q. 27 the operation of diluting the system has a negating effect 
on the number of moles of metallic silver present. That is, the addition 


of water forces more metallic silver to ionize in order to maintain an 


equilibrium. 


3. Reciprocity (®) 


Q. 22. Formic acid, HCOOH, is a weak organic acid and as such partially 
dissociates in aqueous solution according to the following equation: 


HCOOH +H,0 [—= H,0° (aq.) + HCOO (aq.) 


To a 0.1M solution of formic acid is added a small amount of con- 
centrated hydrochloric acid which dissociates as follows: 
“f _ 
+ . 
HCl +H,0 a H,0 cade») Cia (ads) 
When the system has returned to equilibrium, the molarity of 
formate ions, HCO ware be fon. Pees 


Correct answer B 


Relevant misconception 6 (Competing 
equilibria) 
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This question, in contrast to the previous question, illustrates 
the other form of reversibility, that of reciprocity. Although the net 
effect of this transformation is the same as that of negation or inver- 
sion, it is arrived at by a different route. 

In Q. 22, the operation of adding acid results in an increase in 
the concentration of H,0" (aq. ) which is compensated by a corresponding 
decrease in the concentration of the formate ion. Hence to correctly 
predict that the addition of acid to this system will result in a 
decreased concentration of formate ion, the student is required to 


perform a reciprocity transformation. 


4, Correlativity (C) 


Q. 18. This refers to the following system: 


tae + waa EN GT Tia cocl, (g) 


A certain amount of nitric oxide, NO, is introduced into the system 
at constant volume and temperature. NO also reacts with Clo, 
according to the following equation: 


NO + NOC1 


eg) ete ag 2(g) 
When the system returns to equilibrium, the concentration or 
partial pressure of the cocl., Willers se 16 eheke ss 

Correct answer B 


Relevant misconception 6 (Competing 
equilibria) 


Correlativity is defined as the product of the transformations of 
negation and reciprocity. In Q. 18 the operation of adding a gas (p) 
results in the increased concentration of the product in the original 


reaction (q). That is, there are two distinct and different operations 
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42 
here: p and q. To correctly predict the effect of the operation p on 
this system the student has first to realize the reciprocal effect on 
p (this would normally produce an increase in the concentration of the 
product). However since this is a competing equilibria problem the 
addition of another gas, nitric oxide, has a negating effect and there- 
fore results in a decrease in concentration of the product, i.e., 
C(p)=N(R[p])= q. 

In this manner most of the items on the MIT can be associated 
with specific transformations of the INRC model. It should be noted 
that the above examples only serve to illustrate a way of interpreting 
the four transformations in the area of chemical equilibrium and are not 
intended to imply that any given transformation is used in isolation. 
Each operation bears definite relationships to the others. The four 
transformations form a group in the mathematical sense (Flavell, 1963). 
This contributes to the difficulties encountered when one attempts to 
associate a given item to a single transformation. . The fact that four 
of the MIT items presented in Table I (#10, 15, 16 and 21) are not 
- associated with any sinigiile transformation of the INRC model attests to 


the problem. 


The INRC Group Model and the Skemp Test (SK6) 

Items on the Skemp Test (SK6, Part II) correspond to specific 
transformations of the INRC group. The test. is divided into three 
sections, each illustrating the application of certain cognitive skills. 

Tori iiustrate. the (iret ere requires students to perform 
certain defined operations, in reverse, on certain geometric configura- 


tions. An operation F is defined as follows: 
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Operation F is: 
add a symmetrical 


lower half. 


The student is asked to apply operation F, in reverse, to the 


a 


Here the effect of reversing the operation F has a compensating 


following configurations: 


or reciprocal effect on the figures. This results in the operation of 
subtracting a symmetrical lower half. 

Students operating at the late concrete stage (C,) should be 
capable of performing the reversibility operations illustrated by items 
in this section of the test. 

The second section of the Skemp Test deals with the questions 
involving the combination of two of the previously defined operations 
on given geometric configurations. For example, two operations are 


defined as follows: 


Operation A is: 
turn the other 
way up. 


Operation I is: 
double the 
smaller part. 
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44 
The student then applies both operations A and I, in combination, 


to the following configuration: 


O x< V 
Combine A & I. xX ae Bate 4 


This item requires the student to carry out two operations in 


combination to produce a net result. As such, questions in this section 
reflect both a measure of the student's combinatorial ability and his 
ability to cope adequately with more than one variable at a time. 
Students at the early formal stage (F,) should be capable of correctly 
answering the items in this section. 

The last section of the SK6 (Part II) requires students to both 
reverse and combine two operations on prescribed geometric figures. 
That is, each of these items requires the execution of one form of revers- 
ibility (either negation or reciprocity) together with the manipulation 
of two variables simultaneously. This section of the test is deemed to 
_ be indicative of the type of reasoning found at the late formal stage 


(Fo). 


To illustrate, first two operations are defined as follows: 


everything. 
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45 
The student then combines operations F and G, in reverse, to the 


following configurations: 


Reverse and 


Combine F & G. 


Performance on each section of the Skemp Test together with a 
total cumulative score will be used as a measure of the student's level 
of cognitive development. Students having the majority of items correct 
on all three sections of the test will be considered to be at the highest 
stage of development (F5). That is those students who are capable of 
answering the third section of the test correctly in addition to correctly 
answering the two earlier sections, are considered to be operating at 
the Fy level. This is because the third section requires the students 


" a basic characteristic of formal 


to perform "operations on operations,' 
operational thought. Students answering the majority of items on the 
first section accurately will be considered to be at the stage of early 
concrete thought (C,). Students answering the majority of items cor- 
rectly on the first two sections but not the last section will be con- 
sidered to be at the late concrete stage (Co) or early formal stage (Fy). 
The student's capacity to use the integrated INRC group structure is 
most closely associated with the last section of the test. 

Both the Skemp Test (SK6) and the Piagetian Tasks (PT 1 and PT 2) 
are used as measures of the students’ perception of the INRC group model. 
Performance on these instruments serves as the basis for the classifica- 


tion of the students into the stages and substages of concrete and 


formal thought. 
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Studies of Chemical Equilibrium 


The concept of 'equilibrium' has wide currency throughout the 
physical and social sciences as a way of characterising system states. 
Flavell (1963) notes that the global conception of the ‘equilibrium 
model' in the psychological sense had, as its origin, Piaget's early 
involvement in the field of biology. The classical studies involving 
equilibrium in the mechanical sense, namely those of equilibrium in 
the hydraulic press and equilibrium in the balance, are fully described 
in Inhelder and Piaget (1958, Part II). These experiments are designed 
to explore the scientific thinking of the adolescent and are unique in 
their purpose and wide significance in that it is claimed that the 
thought processes revealed in these science experiments will also be 
revealed in other fields of human activity. 

Equilibrium in the dynamic 'chemical sense’ has received far 
less attention than models of mechanical equilibrium in science educa- 
tion in relation to psychological theory. A review of the major studies 
and their relevance to the present study is now considered. 

D. R. Driscoll (1966), in his study of the reasoning involved in 
the solving of chemical equilibrium problems in high school chemistry, 
identified several major misconceptions or incorrect modes of thinking 
possessed by students in that area. In order to pinpoint some of the 
misconceptions in this area a test of chemical equilibrium involving 
multiple choice items was given in 1966 to some 500 first year science 
and medicine students at the Universtty of Melbourne immediately prior 
to the start of the academic year. Virtually all of these students had 


passed their examination in Matriculation chemistry three months earlier. 
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47 
Items on the test of chemical equilibrium were designed in such a way 
that students were required to predict the effect of changing certain 
factors (i.e., temperature, pressure, concentration) on a chemical 
System at equilibrium. Items were primarily of the four option multiple 
choice variety similar to those in the MIT. A selected sample of 
students were asked to give free-response accounts of their reasoning 
for particular questions. Inferences about how they reasoned were 
drawn from their choice of answers and, in particular, from the pattern 
of their responses which dealt with similar misconceptions. This 
served to validate an interpretation of a particular answer or "pattern' 
of answers. 

For example, if a student answered a question incorrectly, this 
does not in itself mean too much. However if he answered several 
questions incorrectly which all measured the same concept, one could 
be reasonably sure that the student was having trouble with the parti- 
cular point. The above approach, coupled with the student's free- 
response accounts of just how he had reasoned towards a particular 
answer, served as the basis for misconception identification. 

As discussed earlier, the interpretation of multiple choice type 
diagnostic items is not an easy task. A student can arrive at the 
correct answer either by guessing or by making a 'wrong' mistake (so 
to speak) or by otherwise arguing incorrectly. He may also arrive at 
a particular incorrect answer by a variety of incorrect pathways. 
Driscoll's decision to interpret his results using both patterns of 
answers to a number of related items and the consideration of free- 
response accounts for the reasoning involved for given questions 


represents an effort to overcome these inherent difficuiltdess The 
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48 
inclusion of the reasoning section with items sampled on a random basis 
in the Misconception Identification Test (MIT) of the present study 
represents a modified approach to the problem. In this section of the 
MIT, each student is asked to state his or her reasoning followed in 
choosing his or her responses for five randomly chosen items. In 
addition the student is asked to indicate which law or principle was 
used in arriving at each item response. 

The results of Driscoll's analysis suggested the presence of the 
following misconceptions and faulty approaches in his sample: 
(1) Uncertainties about the quantitative and/or qualitative signifi- 
cance of the equilibrium law. These included the inability to perceive 
the algebraic/arithmetical implications of the equilibrium law, the 
failure to consider all those factors which can produce a change in the 
equilibrium condition and the uncertainty surrounding certain concepts 
involved in equilibrium. 
(2) An excessive tendency to use what he called "Le Chatelier-type" 
reasoning, that is, reasoning which is qualitative in situations 
. requiring a quantitative approach. 
(3) A predisposition to apply equilibrium relations to other than 
equilibrium considerations. In particular Driscoll found a tendency in 
his subjects to confuse rate of reaction with the extent of a reaction. 
Driscoll also suggested some techniques and methods which he felt 
would be useful to the chemistry teacher in order to minimize or elimin- 
ate certain misconceptions. For.example, he found that the confusion 
associated with the constancy of the equilibrium constant is largely 
eliminated when one introduces a graphical approach to teaching certain 


areas of equilibrium. The clarification made by combining various 
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curves (e.g., concentration vs. time, reaction quotient vs. time, number 
of moles vs. time, etc.) in his teaching of equilibrium was noticeable. 

An important need seen by Driscoll was for a more quantitative 
| approach to chemical equilibrium in certain areas where intuitive or 
"Le Chatelier type’ reasoning proves inadequate. The limitations of 
this qualitative approach in solving chemical equilibrium problems 
should be clearly conveyed to the student (Driscoll, 1960). Driscoll 
found a high correlation (r = .90) between student performance on equi- 
librium questions involving gases and comparable questions involving 
solutions. This may well reflect a need for a firm understanding of 
chemical equilibrium in a specific area (i.e., homogeneous gaseous 
reactions) before the students confront other forms of equilibria. 
Perhaps the present CHEM Study approach to the whole unit on chemical 
equilibrium, which tends to deal with the two areas simultaneously, will 
have to be examined more closely in the light of this evidence. 

Although Driscoll's work was conducted in an Australian school 
setting, his findings strongly influenced the approach taken in the 
construction of the Misconception Identification Test (MIT) used in the 
present study. The nature of the data by which the misconceptions are 
classified according to the earlier defined types (I, II, or III) 
closely parallels Driscoll's method of obtaining free response accounts 
to certain questions. Further, the six major misconceptions involved 
in the MIT incorporate the three general misconceptions found by 
Driscoll. Obvious modifications to suit both terminology and content 
of the CHEM Study course were deemed necessary for the present study. 

Several studies in chemistry reflecting Gagné's cumulative 


learning model have been conducted (Kolb, 1967; Airasian, 1970; 
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Nicodemus, 1970; Okey and Gagné, 1970; Capie and Jones, 1971). In this 
model Gagné proposes that the attainment of subject matter competence 
is hierarchically organized, and the normal analysis procedure used to 
_ determine intellectual skills is called 'deriving a learning hierarchy' 
or task analysis. 

In task analysis, one begins with a clear statement of some 
terminal,objective}of instruction. This final.capability.is then 
analyzed into a hierarchical sequence of subordinate skills by succes- 
sively asking the question of each task, "What should the individual 
already have to be able to do in order to learn this new capability 
simply by noting verbal instructions?" The resulting hierarchy is then 
empirically tested and revised until students can in fact achieve the 
terminal objective through instruction following the hierarchy. 

The validity of a given learning hierarchy can be established 
from an analysis of the results of the administration of a test 
especially constructed to yield pass-fail information on each entity 
within a total hierarchy (Gagné, 1967). A necessary but not sufficient 
condition for establishing the validity of a learning hierarchy is that 
a larger percent of the sample of students tested must be successful 
on objective 1 than on objective 2, than on objective 2 than on objec- 
tive 3, and so on up the hierarchical ladder. To conclusively validate 
the hierarchy, data on each individual rather than group data would 
have to be obtained. If the cumulative learning model is accurate, 
then any inability to perform a task should be attributable to failure 
on skills subordinate to it (Harke, 1971). A detailed assessment of 
the techniques used in hierarchy validation has been carried out by 


Capie and Jones (1971). 
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A limitation of task analysis is that it is initially carried 
out almost exclusively in the mind of the adult, and, in general, 
children's logic is unlike adult logic. Nevertheless, a Gagné type 
task analysis used in conjunction with Piaget's developmental sequence 
could prove profitable in curriculum development. For example, in 
connection with the misconceptions in chemical equilibrium under 
investigation in the present study, task analysis might lead to a 
workable instructional sequence designed to alleviate certain miscon- 
ceptions. However, one must be careful to distinguish between "facts" 
which are to be learned and "logical operations" which must be developed. 

Okey and Gagné (1970) have developed a learning hierarchy for 
solving solubility product problems, involving some fifteen subordinate 
or prequisite skills. A group of 135 tenth, eleventh and twelfth grade 
students from five chemistry classes studied an initial version of a 
learning program followed by tests on the criterion task (ability to 
solve solubility problems) and on selected subordinate skills deemed 
necessary. The program was revised by adding additional instruction 
‘on those subordinate skills failed by many students. A second student 
group studied the revised program and took the same tests. Four dif- 
ferent tests were used to measure student performance: a pre- and 
posttest on the criterion task, and a pre- and posttest on the sub- 
ordinate skills in the learning hierarchy. The results showed that 
adding instruction leading to improved performance on subordinate skills 
was successful in significantly improving performance on the criterion 
task. In the hierarchy eleven of the fifteen subordinate skills deemed 
necessary to the criterion task were mathematical in nature. 


Although this type of study has several built-in diagnostic 
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features, one wonders whether an over emphasis is not placed upon the 
mathematical prerequisite skills. It may well be that mathematical 
ability is a necessary condition for the understanding of certain types 
of chemical equilibrium but surely it is not a sufficient condition. 

Studies conducted by Pella and Triezenberg (1969) and Ring and 
Novak (1971) reflect an emphasis on Ausubel's theory of meaningful 
learning. Ausubel's subsumption model suggests that central unifying , 
ideas of a discipline be taught first and that less inclusive ideas be 
related clearly and logically to the unifying ideas by subsumption. 
Central unifying ideas or conceptual schemes thus become advance 
‘organizers.' 

Ausubel's model assumes the existence of a cognitive structure 
that is hierarchically organized in terms of highly inclusive, conceptual 
traces under which are subsumed traces* of less inclusive subconcepts. 
The major organizational principle, in other words, is that of progres- 
sive differentiation of trace systems of a given sphere of knowledge 
from regions of lesser to greater inclusiveness, each linked to the 
. next higher step in the hierarchy through a process of subsumption. 

The task of identifying those particular organizing and explana- 
tory principles in the various disciplines which manifest the widest 
generality and integrative properties is obviously a formidable and 
long-range problem. These should be capable of being derived from 


what Bruner (1961) has called the structure of the subject. Ausubel 


*The term trace is used as a hypothetical construct to account for the 
continuing representation of past experience in the nervous system and 


in present cognitive structure. 
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(1963) maintains that sequential organization of subject matter, 
combined with the use of appropriate advance orgenizers, can be very 
effective in classroom learning because each new increment of knowledge 
. serves as an anchoring post for subsequent learning. The basic 
paradigm of sequential organization is not from easy to difficult, 
but from general to specific. 

Thus, if one is introducing equilibrium in a chemistry course 
for the first time, a relevant organizer might be of equilibrium in 
various types of balances drawn from past experiences of the child. 
However, an interesting paradox arises: where and how does one first 
acquire the rudimentary concepts necessary to construct the first 
organizers for the child? Piaget has given us a vast array of 
interesting data and extremely useful observations, all of which imply 
orderly development in cognitive functioning given adequate experiential 
backgrounds. Adequate development not only indicates the integration 
of relevant concepts within a discipline, but being aware of the 
similarities and differences between disciplines. Piaget's observa- 
tions regarding the cognitive growth of children have delineated 
sequences in the developmental process with at least two important 
dimensions: 1) subjective-objective and 2) concrete-abstract. 

The study conducted by Pella and Triezenberg (1969) investigated 
three types of presentation of the conceptual scheme of equilibrium in 
the teaching of ecology using the subsumption model. The relative 
effectiveness of three levels of abstraction (verbal, pictorial and 
working model) in the presentation of the advance scp as erase equilibrium, 
was conducted with 270 pupils in Grades 7, 8 and 9. Effectiveness of 


the three levels of stimuli was tested by comparing the results 
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achieved by three treatment groups. Treatment 1: The conceptual 
scheme of equilibrium was presented verbally. Treatment 2: Equilibrium 
was presented verbally supplemented by sketches of appropriate models. 
Treatment 3: The conceptual scheme of equilibrium was presented 
verbally supplemented by appropriate mechanical models. The three 
aspects of equilibrium utilized in each treatment were, in order of 
presentation: 1) static equilibrium as exemplified with a beam balance, 
2) dynamic equilibrium as found in a closed system involving evaporation 
and condensation, and 3) adjustment within a closed system that is 
thermostatically regulated. Testing involved multiple choice objec- 
tive pre- and posttests on the concepts found in the three aspects of 
equilibrium. Results of the study indicated that the use of working 
models for reference to the "organizer" is superior to verbal reference 
or the use of sketches. 

Ring and Novak (1971) investigated the relative influence of 
pete and subsuming concepts on facilitation of new learning in 
college chemistry. The sample consisted of 770 students taking their ~< 
first course in college chemistry at Cornell University. The subjects 
were tested to ascertain their cognitive structure previous to any 
college instruction in chemistry. The function of this examination 
was to describe the fact aaa subsumer orientation of each subject's 
cognitive structure. An objective Cognitive Structure Exam (C.S. Exam) 
was developed by the investigators. The criteria used in selecting 
items were relevance to high school chemistry, the subsumer, or the 
factual nature of the item, and relevance to college chemistry. The 
results of the study supported the thesis that the amount of relevant 


subsumers within cognitive structure facilitated the learning of new 
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55 
material. This type of study is representative of those employing the 
Tadic eee model which indicates that a minimum of relevant concepts 
significantly enhance achievement. 

The present study recognizes that the amount of factual inform- 
ation possessed by a learner may be positively related to the amount 
of new material he is able to assimilate. However, little account is 
taken in the studies reviewed using Ausubel's model of the developmental 
level of the students. It may well be that a certain level of abstrac- 
tion, as in the case of the Pella and Triezenberg study, is more suc- 
cessful with students operating at the level of concrete operations 
than at the formal operational stage. 

The studies of Kolb (1967), Case (1970), and Dence (1970) deal 
with the relationship between mathematical ability and achievement in 
chemistry. Kolb dealt with the effect that an instructional sequence 
in high school mathematics, directly related to selected quantitative 
science behaviors, has on the acquisition of the quantitative science 
behaviors. His results indicate that the effect is a favorable one and 
woure support the work of Dence in his study on the mathematical compe- 
tence required for freshman college chemistry (Dence, 1970). 

The purpose of the study carried out by Case (1970) was to deter- 
mine the fnvolved: obs. s of secondary school chemistry students who 
were successful in grasping a mathematical ter, aes to teaching chemical 
equilibrium. The sample for the study consisted of 89 senior high 
school students who had completed a first year algebra and plane 
geometry course. An experimental mathematically based unit on chemical 
equilibrium was developed for use with secondary school students. 


Students devoted the same amount of time to the experimental unit as 
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had been allocated for the 'regular' representation of chemical equili- 
brium. The experimental unit consisted of six individual daily lessons, 
six individual tests over each lesson, and a final test over the entire 
unit. Case found that a mathematical approach to teaching chemical 
equilibrium is not beyond the ability of the secondary school student 
but, in order for the topic to be most meaningful, it should be reserved 
for essentially the top twenty percent of the student population. 

One of the suggestions offered by Driscoll (1966) in his investi- 
gation concerning misconceptions in chemical equilibrium was for a more 
quantitative approach to the teaching of certain types of equilibrium 
problems. This arose from the finding that students had an excessive 
disposition to apply intuitive reasoning to many problems on chemical 
equilibrium that required a more quantitative or empirical approach. 

The present study will attempt to ascertain the relationship (if any) 
that student mathematical ability has with the number and nature of 
misconceptions in chemical equilibrium and achievement in chemistry. 
It may be that an inability to apply basic mathematical skills in 
chemistry accounts for certain misconceptions in this area. 

The only Piagetian based study found dealing with chemical equi- 
librium specifically has been conducted by Buell and Bradley (1972). 

The study involved the application to a binary system (temperature of 
solvent vs. weight of solute per 100 gm. water, using aqueous solu- 
tions) of Piaget's 16 binary propositional operations and was conducted 
with 70 high school chemistry students. Initially each student was 
given an Introductory Phase packet consisting of: 1) a graph of the 
solubilities of five salts over a temperature range, and 2) a brief 


statement of what the graph was concerned with and the request "write 
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down your interpretations of the relationships which exist on the graph 
and, if ae indicate how you arrived at your conclusions." The 
purpose in the Introductory Phase was to ascertain at what Piagetian 
‘Stage the students were, although detailed description as to the criteria 
used to place the students into their respective developmental stages 
and substages is not given. 

A Directed Question Phase packet was administered after two weeks 
of laboratory work and discussion of solubility/temperature relations 
at equilibrium, to determine how many of the students were at which 
stage ahd substage of development. The Directed Question Phase packet 
consisted of 1) the same graphs but with a separate table of solubilities, 
and 2) a series of questions concerning various concepts illustrated by 
the graphs. 

Results of the study were somewhat discouraging. Following the 
two week laboratory treatment on solubility equilibria, the posttest 
results showed a awecadlie in the percentage of students attaining the 
logical operational stage, Fj. Eighteen percent were thought to be at 
the stage of logical operations while on the Directed Question packet 
no one was considered at the logical operational stage. Most students 
(91%) were found to be at the early formal stage, Fi» while only 9% 
were at the none operational stage. It was therefore suggested that 
laboratory contact with the realia of solubility does not improve 
logical thinking about constants and variables. Buell and Bradley (1972) 
conclude by stressing a greater need for the teaching of logical 
thinking, in addition to manipulation of chemical glassware. 

The present study attempts to relate misconceptions in chemical 


equilibrium using another aspect of Piaget's theory (the INRC group 
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model) in contrast to the 16 binary operations model. Performance on 
certain Piagetian tasks (PT 1 and PT 2) used in the present Study was 
measured according to specific criteria based on Piaget's own experi- 
‘mentation. Unlike the study reviewed above no attempt is made to 
measure any change in the developmental stage or substage for students 
as a result of some treatment. The purpose is, rather, to determine if 
the extent to which students use the INRC group model is associated with 
misconceptions in chemical equilibrium. 

The studies reviewed above suggest that the understanding of 
chemical equilibrium is a complex problem involving several factors 
which need to be studied both from a psychological and methodological 
basis. It has been shown by Driscoll (1966) that student misconceptions 
do exist in chemical equilibrium. These may be related to the cognition 
level, mathematical ability, approach taken and specific content studied. 
The fact that most of the studies reviewed are fairly recent is an 
encouraging sign and indicates an ever increasing concern for the 
teaching of one of the most important principles in chemistry. 

A brief review of related research on misconceptions in science 


is now considered. 
Misconception Studies in Science 


Misconceptions can be baeeeead via an objective test (i.e., 
multiple choice by observing the number of students choosing the various 
options which represent errors or misconceptions). This kind of 
analysis was done by Merrill (1970) on some of the National Assessment 
of Educational Progress (NAEP) science data with the NAEP science 


testing program. As with most tests, the options for each item were not 
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59 
designed according to any underlying misconception scheme. Therefore 
only statements related to specific misconceptions on isolated items 
could be made. 

The work of Driscoll (1966) reviewed earlier also involved a 
multiple choice test using item response pattern. Free response 
reasoning for the items was also obtained to further strengthen the 
interpretation given to his results. In spite of certain inherent 
dangers always present in a multiple choice situation this approach 
appears to have some validity for the Peteminetion of student miscon- 
ceptions in science. 

While a number of research efforts (Atwood, 1968; Gilman et al., 
1960; Merrill, 1970) have been completed which assess student's mis- 
conceptions concerning science concepts, the studies vary widely in 
their techniques and grade Tevet and no clear-cut guideline or procedures 
have yet been established. Furthermore, no one misconception scheme 
has been widely accepted to date, although many have been suggested. 

Gaaane Hernandes, and Cripe (1970) used the following system: 
correct response, common misunderstanding of the concept, and two other 
reasonable and plausible distractors. Ina study related to classifi- 
catory behavior, Tennyson, Wooley and Merrill (1971) described possible 
errors as over-generalization, under-generalization and misconception. 
The present approach involved asking the respondent to make a predic- 


tion based on information given. 


Summary 


Piaget's theory of cognitive development was outlined here with 


special emphasis on the formal operational stage. The physical INRC 
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60 
group model was presented and discussed with reference to chemical 
equilibrium. Particular attention was given to the criteria used for 
evaluating performance on the Piagetian Tasks (PT 1 and PT 2) and the 
Skemp Test (SK6, Part II) in relation to the INRC model. 

Relevant science education research based on Piaget's theory 
was presented together with studies on chemical equilibrium. Problems 
associated with this area were discussed in relation to the present 


investigation. 
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CHAPTER III 


EXPERIMENTAL DESIGN 


The Sample 


The sample for this study was drawn from the population of 
Edmonton high schools on a semester system using the CHEM Study text 
book in a conventional classroom. Five senior high schools, three from 
the Edmonton Public School System and two from the Edmonton Separate 
School System, were selected at random from the above pennlarion: The 
investigator approached the Director of Educational Research at the 
Edmonton Public School Board and Research Consultant of the Edmonton 
Separate School Board for their permission to conduct the study. This 
was done through the Division of Field Experiences of the Faculty of 
Education, University of Alberta. After receiving permission to conduct 
the study from the above mentioned individuals, the investigator 
approached the Science Coordinators of the above schools through the 
respective principals to request participation of their students in 
the study. Although the principals and Chemistry 30X teachers in all 
schools contacted consented to participate in the study, two schools 
had to be dropped from the ones due to timetabling problems. 

One of the schools was selected to participate in the pilot study. 
The pilot study involved three out of the total of eight Chemistry 30X 
classes in that school and a total of 62 students. All of the students 
in the three classes in the Pialoene tds were taught by the same teacher. 

The main study was eee oe with five Chemistry 30X classes in 
two high schools, one in each of the Edmonton Public and Separate school 
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systems. The final sample for the main study consisted of 99 students. 
Of the three teachers involved in the main study, two taught two classes 
each and one of the teachers taught one class. 

Since some students were absent on any of the four days that 
testing was carried out, there were a number of students for whom 
complete data sets were not available. These students were dropped 
from the sample. Of the total of 125 students in the five Chemistry 
30X classes in the main study a total of 26 students were dropped from 
the sample because of incomplete data. 

The students were tested on four separate days over a period of 
three weeks during the months of April and May of the spring semester 
1973. A more complete description of the procedure used in testing 


follows the discussion of the tests. 
The Tests 


The following section describes the test instruments used in the 
study and outlines their development. The statistical results obtained 


from these tests are discussed in Chapter IV. 


The Misconception Identtfteation Test (MIT) 

The purpose of the Misconception Identification Test (MIT) was” 
to provide a measure of both the nature of student misconceptions in 
chemical equilibrium and the degree to which they occur. The MIT is a 
30 item, four-option, open book examination of 60 minute duration which 
was devised for this study. Items on the MIT deal- with examples of 
chemical equilibrium with regard to homogeneous gas reactions, phase 


changes and aqueous solutions of ionic solids. 
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The MIT requires students to predict the effect of various 
variables on the equilibrium conditions of several chemical systems and 
state the principle or law used in their reasoning. The means by which 
the misconceptions are classified into the previously defined types is 
also provided by the reasoning section of the MIT. That is, a Type I 
misconception is said to occur when the item response is correct but 
the stated reasoning is incorrect. Type II misconceptions occur when 
the response is incorrect and the reasoning given is correct, that is, 
the stated reason is either too limited or incomplete. Type III miscon- 
ceptions occur when both the response and reasoning given are incorrect. 

Items ou the MIT were deemed representative of difficulty of 
the Chemistry 30X course in terms of content and degree by a number of 
consultants. 

The investigator prepared a first draft of the MIT consisting of 
35 4-option multiple choice questions. The work of D. R. Driscoll at 
the Canberra College of Advanced Education, Australia, largely influenced 
the initial form and approach used in constructing this version of the 
MIT. Written permission to use portions of Driscoll's test on Chemical 
Equilibrium was obtained. The test was then given to three experienced 
Chemistry 30 teachers whose classes were not involved in the present 
study together with two University instructors in science for their 
criticism. rhbsonewtinced in five items being dropped from the test for 
reasons of relevance and difficulty. In addition it was suggested by 
the consulting group that the instrument was too long for the intended 
60 minute time period. This resulted in the detasion to randomly sample 
the student reasoning section of the MIT rather than to require each 


student to specify his reasoning for each of the 30 items on the test. 
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By this technique an indication of the reasoning used could be obtained 
for all items, although any given student was only required to specify 
his reasoning for a few randomly chosen items. To accomplish this, six 
versions of the reasoning section, each sampling five different items 
on the MIT, were constructed, 

Having incorporated the suggested changes deemed necessary by 
the consultants, the revised MIT was then administered as a closed book 
test to the three Chemistry 30X classes in the pilot study. The 30 test 
items together with the section requiring the students to state their 
reasoning for specific questions was found to be a suitable length for 
completion in the 60 minutes allowed for the instrument. Two teachers 
who examined this form of the MIT felt it was rather a difficult test. 
However it was felt to have a high degree of content validity relative 
to the chemical equilibrium material in the CHEM Study course. It was 
agreed that the MIT should be made an open-book examination. 

The MIT was again revised on the basis of an item analysis carried 
out on the 62 students in the pilot study together with teacher criticisms. 
In an effort to increase the difficulty index of several items (those 
with difficulty index of less than 0.20), terminology more consistent 
with the CHEM Study approach to equilibrium was included in those items. 
Several minor changes in format were also made, including the addition 
of a small section which asked students to specify which law or prin- 
ciple was used to arrive at their response for er items. 

As stated earlier the MIT was designed to measure the nature of 
student misconceptions in chemical equilibrium and the degree to which 
they occur. Six major misconceptions were identified for use in the 


study. A discussion of each misconception, illustrated by an item from 
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the MIT used to detect the misconceptions, follows. 


Misconception 1. Mass-concentratton 

This misconception is concerned with the confusion between the 
terms mass and concentration and the relationship between them. Students 
who associate incor concentration with an increase in mass and vice 
versa as illustrated by given items on the MIT are considered to possess 
a mass-concentration misconception. 

To illustrate this misconception with specific items, consider 
the gaseous equilibrium mixture of CO, Cl,» and cocl, initially at 200°C 
and 1 atmosphere pressure, the original reaction used in items 1 to 20 


on? the,MIT. 


The balanced equation is given by: 
cO (g) + Cl,(g) Soe Cocl, (g), 
the forward reaction being exothermic (i.e., taking place with the 


evolution of heat). 


Questions 1-20 were answered by choosing the most appropriate of the 
following responses: 

A. Greater than at the first equilibrium. 

B. Less than at the first equilibrium. 

C. The same as that at the first equilibrium. 

D. There ts tnsufftetent evtdenee provided to decide among 


the above alternatives. 


Questions 5 and 7 are associated with the mass-concentration misconcep- 


tion and refer to the following change made on the original reaction: 


The volume of the system is halved by increasing the pressure at con- 


stant temperature. When the system has returned to equilibrium: 
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0.5. )the concentration (or partial: pressure) of cocl,, present will be 
Correct answer A. 

Q./7. the concentration or partial pressure of CO present will be 


Gorrect answer A. 


These questions illustrate examples of two important situations: 
one in which the mass or number of moles of the substance increases as 
does the concentration of that substance (as in Q.5) and one in which 
the mass of a substance decreases as the concentration increases (as in 
Q.7) because of a volume change. Students who incorrectly Bueter O25 
and Q.7 fail to appreciate that an increased mass does not necessarily 
imply an increased concentration (or vice versa) and therefore are said 
to possess a mass-concentration misconception or misconception 1. Other 
questions on the MIT that are associated with misconception 1 are ques- 


tions 4 and 24. 


_ Misconception 2. Rate-extent of reaction 

Misconception 2 refers to the confusion between the rate of a 
reaction and the extent of a reaction. That is, the uncertainties 
between the velocity (rate) at which a reaction is proceeding and the 
position of equilibrium (extent) which is attained. Although both 
concepts are determined by an energy consideration it is vitally impor- 
tant for the student to clearly differentiate between them in chemical 
equilibrium. Students were considered to possess a 'rate-extent mis- 
conception’ if they contended that increasing the rate of a chemical 


reaction alters the position of equilibrium (or vice versa). 
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67 
To illustrate misconception 2 consider questions 1 and 2 on the 
MIT referring again to the original reaction: 
CO(g) + C1, (g) 601, (g) + heat. 


The following change is made on the above reaction: 


The mixture is cooled to 150°C (at which temperature all three substances 
are still completely in the gaseous state), keeping the volume constant. 
Questions 1 and 2 concern the system after equilibrium is again attained 


and are as follows: 


Q.1. the number of moles of cocl., present wiht bes? water es « « 
Correct answer A, 
Q.2. the rate at which cocl., isybeing sfLormed: will bes 5 cnt eat 


Correct answer B. 


Students who predict that the mass of COC1, formed in Q.1 will 


Z 
increase but fail to realize that the rate of reaction in fact decreases 
will be considered to possess the misconception termed rate-extent of 
reaction. Similarly students who predict that the decreased rate of 
reaction will therefore produce less mass of coc, fail to realize the 
significance of both the rate and the extent of a chemical reaction. 


Questions 6, 20, and 25 on the MIT are also associated with 


misconception 2, 


Misconception 3. Constancy of Equtltbrium Constant 

By misconception 3 is meant the inability to realize when the 
equilibrium constant is or is not in fact a constant. Those students 
who fail to predict a change in the numerical value of the equilibrium 
constant because of a temperature change are said to possess misconcep- 


tion 3. Similarly students who predict a change in the value of the 
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68 
constant when the temperature is held constant also hold the misconcep- 
tion of the constancy of the equilibrium constant. 

Question 9, dealing with the original reaction as explained under 


misconceptions 2 and 3 above, serves to illustrate misconception 3. 


Here some Cl, is removed from the system, the volume and temperature 


being held constant. When the system has returned to equilibrium: 


[cocl, ] 
Q.9. the equilibrium value of WED 5 sce ei aieceleie ee 4.6 


CO] [C1,] 
Correct answer C. 
In question 9, although the concentrations of both the product 


Coci. and the reactants CO and Cl 


D 9 do change, the numerical value of 


the above expression, the equilibrium constant, remains unchanged. 

Those students who incorrectly predict a change in the value of the 
constant and thereby answer the question incorrectly are said to possess 
misconception 3. 

Four other questions on the MIT are relevant to misconception 3, 
_namely questions 3, 14, 19, and 29. Only one question, number 3, 
involves a change in the numerical value of the equilibrium constant 
because of a change in temperature. In all other questions the temper- 
ature of the given reaction is held constant and hence the value of the 
equilibrium constant is maintained. Students who fail to appreciate 
that the value of the constant is dependent on the temperature only are 


considered to possess misconception 3. 


Misconception 4. Misuse of Le Chatelter's Prinetple 
The misuse of Le Chatelier's Principle misconception refers to 


situations where students, failing to fully realize the limitations of 
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69 
this principle, apply it to inappropriate situations. The application 
of Le Chatelier's Principle to chemical equilibrium problems which 
require a quantitative, empirical approach is considered a misuse of 
.this principle. The point to be made here is not a criticism of Le 
Chatelier's Principle (every principle has its limitations) but that 
Btudents®fatl*to*realize its Vimitations. This intuitive application 
of Le Chatelier type reasoning to equilibrium problems not amenable to 
this approach is the basis for identifying misconception 4. 

Consider questions 15 116 on the MIT that refer to the orig- 


inal reaction as follows: 


Q.15. One mole of cocl, and 0.01 mole of Cl, is added at constant 
volume and temperature. When the system has returned to equili- 
Dreun,meneenumberwoOrrmMOlLeSsroOteCORWI LIN De: . sic ce cecece es 

Correct answer OD, 

Q.16. this’ time, 0,0) mole of cocl, and 1 mole of Cl, is added at 
constant volume and temperature. When the system has returned 
to equilibrium the number of moles of CO will be ....eccceceees 

Correct answer D. 

In both Q.15 and Q.16 there is insufficient information given to cor- 

rectly predict the change produced. A quantitative solution based on 

initial equilibrium concentrations for the reactions would be required 
to answer these questions. Students who incorrectly respond to these 

questions by answering A, B, or C are said to possess misconception 4. 


Questions 10, 11, and 21 on the MIT are also associated with a 


"misuse of Le Chatelier's Principle’. 
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Misconception 5. Constant concentratton 

Misconception 5 arises when students fail to appreciate that 
certain substances possess a fixed or constant concentration in chemical 
reactions. The equilibrium established is therefore independent of the 
actual mass of a substance with constant concentration. This misconcep- 
tion is seen to arise mainly in chemical problems dealing with ionic 
solutions in equilibrium with an excess solid. In this instance the 
excess solid is said to have a constant concentration and removal or 
addition of solid will not affect the established equilibrium (assuming 
constant temperature). 


Consider question 26 on the MIT as follows: 


Q.26. A vessel contains an aqueous solution of hes (aq... ot Sues ) 
ions in equilibrium with solid Ag,Cr0). 


2A" (aq.) + eg 


ions Ag,Cr0, Kooks 


Half of the solid Ag,Cr0, present is now removed. Analysis of 
the solution after many hours would indicate that the molarity 


of Ag’ CA) iS OW ess sre sins alesse 


Correct answer C 


Those students who will incorrectly 
predict a change in the silver ion 
concentration, either an increase or 


a decrease, are said to possess 


misconception 5. 


4 Ag, Cr0, (s) 


Other questions on the MIT that are relevant to misconception 5 are 
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Misconception 6. Competing equiltbria 

Misconception 6 occurs when students fail to consider all possible 
factors that may affect the equilibrium condition of a chemical system. 
This inability to appreciate that several factors may alter an established 
equilibrium is best illustrated by questions on the MIT in which two 
reactions are competing for equilibrium. In question 17, both nitric 
oxide and carbon monoxide react with chlorine to form respective products 
as follows: 


NO(g) + Cl, (g) CAEN val NOCL, (g) 


COE) = Che Ve )unroin e cocl, (g) 


Question 17 asks the student to predict the effect on the number of moles 
of CO as a consequence of introducing a small amount of nitric oxide, NO, 
into the system at constant volume and temperature. 
Correct answer 12s 

Unless the student realizes that the introduction of the nitric 
oxide affects the original equilibrium of the CO system by depletion of 
chlorine gas, he will be unable to correctly predict the effect on the 
original system. 

Other questions on the MIT that are associated with misconception 
GEArenO sot awl Om oo! sandr o's 

Each item on the MIT was designed to detect the presence of one 
of the above six misconceptions. Table I (p. 39) presents the complete 
breakdown of the MIT items and their relevant misconceptions together 
with the Bont number of items er for each major misconception. 
The six misconceptions as reflected in the MIT are those which are deemed 


critical to a firm understanding of chemical equilibrium at the high 
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school level, and are not necessarily exhaustive of the set of possible 
misconceptions. They are based on personal perceptions by the investi- 
gator while teaching chemical equilibrium and in consultation with 
experienced people in the field. 

In addition to their use of identifying the major misconceptions 
in chemical equilibrium, many of the MIT items also correspond to one 
of the four transformations of the INRC group model. The specific 
transformations corresponding to items on the MIT are also shown in 
fapie 1 

Item analysis of the MIT on the basis of the 62 students in the 
pilot study confirmed the difficult nature of the test. Of the 30 items 
on the MIT, eight had an item difficulty of less than 0.30. The average 
item difficulty index of the MIT was 0.41. 

The reliability of the pilot version of the MIT, as calculated 
by the Kuder-Richardson formula 20, was found to be low. The KR-20 
reliability coefficient is a measure of the internal consistency, or 
homogeneity, of the test. As the questions on the MIT measure several 
different attributes dealing with various types of equilibria, the 
internal consistency coefficient would be expected to be low (Ferguson, 
1971, p. 368). When the MIT was keyed according to the misconceptions 
that students were expected to possess, the reliability (KR-20) was seen 
to increase markedly (from 0.15 to 0.49). This was taken as evidence 
for the consistency of the MIT in detecting student misconceptions in 
this area. Given the high difficulty of most items and the nature of 
the KR-20 formula, the reliability coefficient as calculated was not 
considered unrealistic. 


A more complete discussion of the MIT test statistics is presented 
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in Chapter IV. The revised MIT is presented in Appendix A. A summary 


of the MIT statistics is presented in Appendix E. 


The Chemtstry Achtevement Test (CHAT) - 

The purpose of the Chemistry Achievement Test (CHAT) was to 
provide a measure of student achievement in the area of chemistry 
involved in the present study. The CHAT is based on Chapters 7, 8, 9, 
and 10 of the CHEM Study text. These chapters are entitled, respectively: 


"Energy Effects in Chemical Reactions,"' "The Rates of Chemical Reactions," 


"Equilibrium in Chemical Reactions," and "Solubility Equilibria." As 
such the CHAT covers a substantial portion of the present Chemistry 30X 
course and involves items which measure understanding of chemical equili- 
bria and related concepts. 

The CHAT was originally devised by Lantz (1972) for use in his 
study of the students' perception of the Kinetic Molecular Theory (KMT) 
as related to achievement in high school chemistry. The CHAT is a 33 
item five-option, multiple choice open book examination of 60 minute 
duration. 

The reliability as reported by Lantz in his study (p. 43) using 
the Kuder-Richardson 20 formula was 0.71 for the 275 students who wrote 
the test and 0.71 for the 198 students-in his final sample. For the 62 
students in the preliminary study peegtiated with the present investiga- 
tion, the reliability was found i cet The reliability was 0.75 
for the students in the final sample. 


The CHAT is presented in Appendix B and a summary of its test 


statistics is given in Appendix E. 
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The Skemp Test (SK6) 

The SK6 (Part II) test was devised by Dr. R. R. Skemp, Lecturer 
in Psychology, Manchester University, England. Written permission to 
use the SK6 (Part II) test was secured from Dr. Skemp beforehand with 
fe understanding that it would be used only for the investigator's 
personal research. 

The SK6 (Part_II) consists of 45 test items involving the mani- 
pulation of certain geometric configurations based on ten clearly de- 
fined operations. These items involve transformations of reversibility, 
both negation and reciprocity, and combination as well as items 
requiring various types of combinations of transformations. The test 
is divided into three sections, each consisting of 15 test items. The 
first section, SK6(1), deals with operations involving reversibility 
while the second section, SK6(2), deals with operations involving two 
operations in combination. The third section, SK6(3), consists of 
items which require students to combine operations in reverse. 

As the items on the SK6, Part II, involve examples of the INRC 
group, performance on the test was used as a measure of the students' 
ability to use the INRC model. A more detailed feacrineion of the SK6 
items and their relationship to the Piagetian transformations is 
presented in Chapter II. 

In addition to a total score for the test, separate scores for 
the SK6 (Part II) were obtained for the three types of items, i.e., 
reversibility, combination, and combination of reversing and combining. 
As proper administration is critical to the use of the Skemp Test, it 
was administered to the three Chemistry 30X classes in the pilot study 


to insure that the investigator was familiar with the administration 
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43 
of the instrument. 
The SK6 (Part II) is presented in Appendix C and a summary of 


its test statistics is given in Appendix E. 


The Combinatton of Colorless Chemical Bodtes Tests (PP darol View) 

The purpose of the Combination of Colorless Chemical Bodies Tests 
(PT 1 and PT 2) was to provide a measure of the present level of cogni- 
tive development of the students. For the purpose of this study these 
tests have been labelled Piagetian Tasks I and II (PT 1 and PT 2). PT 1 
is based on the classical experiment conducted by Inhelder and Piaget 
(1958) and fully described on p. 107-122 of The Growth of Logical 
Thinking. PT 1 involves combinational operations in their general form 
and includes notions relative to aversion and reciprocity. In the 
problem of the colorless solutions five similar beakers containing 
colorless, odorless liquids, numbered 1, 2, 3, 4, and 'a' are presented 
to the student. Two beakers are then shown to the students, one con- 
taining solutions 1 and 3 and the other only solution 2. While the 
students watch, the experimenter adds several drops of 'a' to each of 
these beakers. The solution in the beaker containing 1 and 3 turns 
yellow while no change is noted in the beaker containing solution 2. 
On this basis the students are asked to reproduce the yellow coloration 
using a1 or any of the solutions provided (1, 2, 3, 4, and 'a') as they 
wish. They are also asked to investigate further to determine as much 
as they can about both the effect and nature of each of the solutions. 
The students are asked to record on the sheet provided steps taken in 
their approach to the problem. 


The second Piagetian Task (PT 2) was devised by the investigator 


at 


1e Vrawaue » bos o nbhinedq( Ane enone. at ERD aaa) eae 
; (ei il Was 
2 bbe ark a soltatte 


Ut. 7S ‘Dem. 2 DAT etl abet Mostrar cant 4 obit 
ayes? walken ti mii ann piatuanee Rts) token tdavd, pad i, m | 


ae 


tages Je Jewel topsety its ta Sesion 5 akiypng 08 oe (6 8 


~ 


SReK a bute aide to Geogwieg ets wi -adnahyae ata ‘to. ‘emo ; a 


LTS AN TS bike TP) TE et naan segh tense halted road re & 
| Pas. 
mgkht bux xobthedn’ a he tsohew ripeatl at iustual> ads no beamed, 


a4 
4 
aT ee 


rs TY HAVO Ow “ae a hh canoe 49 uo ed} 13008 ite? nen . Fe 
7 api 6 Figo ae 
wrod? farsas®. ahold ef, 2oottayaqu (ubie ieee eaviovak. i rat Fe cE 


or ut .4¥kgengtaoy iaw antes vaya 6 svkieloe emokion a9 but 
auinrn sigs ‘svedaad yeh wth ehobselon exalivolge el a Uy 

pa SWOR ee hati Le re ae ‘ert aa sabtupll fea 1a 
: pein ag 

“a gin, ean bss oH3 otihamhde esl ub arwsindd owl <5; na 


ze 


ate eridd | .S doleoies ae oo eont2 bated t bast 


‘ we 
a ay 
we 


a 
> 


Jo: Hdike.0 "a? Re niyo inysyve ihe nbomomsaagge ae bude 

pisctud.-£ baw it sukoitaanas: ssitnad ‘989 m aokzutoe oer : pierrck CS ds * 
5 mobawios iepitnanoe | ie ids ne torae a pgueds eo rbGE wha 
wet eitatin ye sds ssubonge 62 Parvo ote. os aaibice sttz pat ‘ata ‘0 
Keno ne A's Rite ph iB ie <8 ah Sesion acto tanto ons to ne Hie getee 


fees: abel Maas tiplbalg alee tall Gan he sae dake. 
any! ae “in 
aloha sok ata We os : 


; rita: 
Ae eae once cobhvory iste 80 ao Thaoes 99 bees ae. . 


‘eG > | 
Uae 
a een 


van owens oh i my 8) cn sb hares: ! 
| . re ween ee a te 


76 
and closely parallels PT 1 in its format. Both tasks deal with the 
manipulation of five colorless solutions and both require the reproduc- 
tion of a yellow coloration. However in PT 2 the yellow color is 
produced by the mixing of only two solutions, 4 and 'b'. It is similar 
to PT 1 in that it involves the color-inhibiting solution, the sulphite 
solution. PT 2 also involves an interfering starch solution which 
produces a deep blue color in the presence of free iodine. The written 
and oral directions given for both tasks are identical although the 
solutions in the two tasks differ in their chemical composition. Both 
Piagetian tasks (PT 1 and PT 2) are presented in Appendix D together 
with directions for the preparation of the solutions involved in both 
tasks. 

The fact that the group format administration of both tasks 
deviates from the traditional Piagetian interview technique was not 
considered to be an invalid approach for purposes of the present study. 
A recent study by Gray (1973) involving the development of a Piagetian- 
based written test reports that there was no significant difference 
between student performance on a written Piagetian test and an oral one. 
Further, both PT 1 and PT 2 were discussed beforehand aa two Univer- 
sity instructors for their criticism of the format used. 

On the basis of their performance on PT 1 and PT 2 students were 
categorized into respective substages of cognitive level. The tasks 
served to identify students who, by virtue of their combinatorial 
ability, approached the problem in a systematic and logical manner. 

The step by step written solution to the tasks served to identify 
students who realized the totality of possibilities inherent in these 


tasks and were able to devise an appropriate strategy to fully investigate 
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the tasks. Other studies (Buell and Bradley, 1972) have shown that 
although students are at an age where one would expect them to exhibit 
formal reasoning this is not always the case. Performance on the 
Piagetian tasks, together with performance on the Skemp Test, was 
used to identify students operating at the different levels of cognitive 
development. 

The administration of the Piagetian tasks (PT 1 and PT 2) was 
carried out using the group format during the regular class period. 
Following the preliminary demonstration illustrating the production of 
the yellow coloration, the students were allowed 60 minutes to perform 
the two tasks. Each student was provided with the necessary solutions 
and chemical glassware for the tasks and worked individually at a 
laboratory station. Each student was asked to carefully record each 
step taken on the separate sheet provided for each task. 

Both Piagetian tasks (PT 1 and PT 2) were administered to 86 
students in three Chemistry 30X classes in the pilot study. The tasks 
were found to be a reasonable length for the students to complete in 
60 minutes. 

On the basis of the preliminary investigation of the Piagetian 
tasks (PT 1 and PT 2) a final version of these tasks was developed. 
Misunderstandings regarding the actual directions for the tasks were 
corrected and minor adjustments made in the technique of administration. 
Both the pilot study and main study administration of these instruments 
was carried out by the investigator and every attempt was made to 


ensure consistency of administration techniques in all classes used in 


the study. 
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The Co-operative School and College Ability Test 

In order to obtain a measure of general ability, the grade nine 
Co-operative School and College Ability Test (SCAT) Form 3A scores for 
most of the students involved in the study were obtained from the 
‘Department of Education cumulative record cards. SCAT scores for 11 
of the students in the sample were not available. Mean SCAT scores 
were substituted for these students. 

The SCAT Form 3A test consists of two 30-item verbal parts and 
two 25-item quantitative parts for a maximum possible raw score of 110. 
SCAT scores have been widely used to predict students' ability to 
succeed in school work (Fowler, 1965, p. 322). The test-retest relia- 
bility of the Form 3A SCAT scores over a one year period is reported 


as being 0.93 (Tully and Hall, 1965). 


The vesting Procedure 


All of the instruments used in the study were administered by 
the investigator during the two week period prior to the Easter school 
break and the one week period immediately following the school holiday 
in May 1973. The tests were administered during nachos class periods 
at the convenience of the cooperating teachers. Both the Chemistry 
Achievement Test (CHAT) and the Misconception Identification Test (MIT) 
were used by the three teachers involved in the final study as part of 
their regular evaluation of chemistry achievement. The students on all 
occasions were told beforehand of the schedule of testing and that the 
results of both the CHAT and the MIT were being recorded by their 
chemistry teacher. In this manner it was hoped that the scores obtained 


would more accurately reflect the students' true performance. 
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The class periods for each of the two schools involved in the 
study were 74 minutes in length and were therefore adequate for all the 
instruments, none of which required more than 60 minutes to complete. 

The Chemistry Achievement Test (CHAT) was administered first in 
: regular class period followed by the Misconception Identification Test 
(MIT) the following day. This order was convenient to the cooperating 
teachers as they had recently taught the topics dealt with on the two 
instruments. Both the CHAT and the MIT were answered on general 
purpose IBM answer sheets. 

For the CHAT each student was given a copy of the test booklet 
together with an IBM answer sheet and HB pencil. The students were told 
that the CHAT was an achievement test covering Chapters 7 to 10 in the 
CHEM Study course. The allowed time of 60 minutes was found to be 
adequate for all students to complete the test. 

In a similar manner the MIT was administered by giving each 
student the direction sheet, the test booklet for the MIT, the reasoning 
sheet and an IBM answer sheet and HB pencil. During each administration 
of the MIT the sample question was worked through with the students and 
the separate sheet requiring the student to state his/her reasoning 
for responses to particular questions was fully explained. 

The Skemp Test (SK6) was administered next during a regular class 
period. Each student was given the Practice Sheet, the Demonstration 
Sheet, and the SK6 (Part I) and the practice questions were worked 
through with the class. The Demonstration Sheet was then explained and 
the students given ten minutes to complete the SK6 (Part I). Following 
this, the answer sheet for the SK6 (Part I) was supplied to each 


student. The answers to SK6 (Part I) were discussed and student 
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inquiries were answered to ensure that the basic operations were under- 
stood. The procedure for SK6 (Part II) was then explained, and the 
students given 30 minutes to complete the test. As the purpose of the 
SK6 (Part I) was only for the student to gain familiarity with the test 
Boeratd ona: only the results of the SK6é (Part II) were considered for 
the study. The allotted time limit of 30 minutes for SK6 (Part II) was 
found to be adequate. 

The two Piagetian tasks (PT 1 and PT 2) involving the combination 
of colorless chemical solutions were administered last during a regular 
class period in the chemistry laboratory. Each student was supplied 
with the necessary solutions, labels, chemical glassware and answer 
sheets for both tasks and worked individually at a laboratory station. 
Prior to the commencement of the tasks the investigator demonstrated 
the formation of the yellow color produced in each task. No indication 
of which solutions produced the color was given in the demonstration. 
The students were advised that they could start on either task (PT 1 or 
PT 2) but were required to attempt both. Generally, the 60 minute . 


limit allowed for the two tasks proved adequate. 
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CHAPTER IV 


RESULTS AND DISCUSSION 
Introduction 


The results of the study are presented and discussed in this 
chapter. The chapter is organized into five principal sections. The 
first section presents the results of the Misconception Identification 
Test (MIT), the Chemistry Achievement Test (CHAT), the Skemp Test (SK6), 
the Piagetian Tasks (PT 1 and PT 2), and the general ability test (SCAT). 

In the second section, the analyses relating to the major hypo- 
theses, 1.0 and 2.0, are discussed. Tees analyses deal with the rate 
of incidence of specific misconceptions in chemical equilibrium and the 
relationship between student achievement in chemistry and performance 
on selected Piagetian Tasks. 

The third ein of the chapter deals with the analyses and 
discussion of results pertaining to the hypotheses 2.1, 2.2, 2.3 and 
204, 

The fourth section discusses the associated questions in the 
Study as they relate to the hypotheses. 

The fifth and final section of the chapter discusses the findings 
for the six major misconceptions separately from the viewpoint deemed 
most useful to the high school chemistry teacher. 

The statistical calculations were executed on the University of 
Alberta IBM 360/367 computer, eae the documented program of the 
Division of Educational Research Services (DERS). In the statistical 
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82 
analysis, the difference between criterion test scores and the correla- 
tion between test scores are considered statistically significant if 
the probability of observing such a relationship as a result of sampling 
error is.0.05 or less. 

Statistical procedures associated with the treatment of each 


hypothesis are discussed in conjunction with the results. 
Results of Tests 


The Misconeeptton Identification Test (MIT) 

The Misconception Identification Test (MIT) is discussed in 
Chapter III. Results of the two versions of the Misconception Identi- 
fication Test, MIT(A) and MIT(B) , are presented in Table II. The dis- 
tinction between the two versions of the MIT was made on the basis of 
the methods used in keying the test items. MIT(A) refers to the MIT 
when keyed accurately in a chemical sense. MIT(B) refers to the MIT 
when keyed according to the six major misconceptions that students may 
possess in the area of chemical equilibrium. Hence, each student is 
said to possess a performance score, as reflected by his performance 
on the MIT(A) and a misconception score, as reflected by his perfor- 
mance on the MIT(B). Item analysis for the MIT(A) and MIT(B) are 
presented in Appendix E. 

The MIT(A) mean is equivalent to 45.3 percent and indicates 
the difficult nature of the test. This finding is consistent with the 
results of the initial form of the MIT(A) used in the pilot study. 

For the 62 students who wrote the MIT(A) in the pilot study, the mean 
was equivalent to 38.3 percent. The increase in the mean for the 


MIT(A) for the sample in the main study may be attributed to revisions 
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TABLE II 


Intercorrelations, Means and Standard Deviations 
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carried out on the initial form of the MIT(A). 

The standard deviation of 3.28 for the MIT(A) indicates that 
approximately two-thirds of the scores lie between the values of 10 and 
16. The frequency distribution of the MIT(A) scores is given in Figure 
i 

The MIT(B) mean is equivalent to 62.1 percent. The standard 
deviation for the MIT(B) indicates that about two-thirds of the scores 
lie between the values of 15 and 22. Figure 2 shows the frequency 
distribution of the MIT(B) scores. 

A Kuder-Richardson 20 (KR-20) reliability coefficient of 0.49 
was calculated from the MIT(A). This fairly low value was not entirely 
unexpected. As the test Hy ry several different attributes dealing 
with various types of equilibria, a measure of the internal consistency 
of the test, as given by the KR-20, would not be expected to be particu- 
larly high, especially in the light of the difficult nature of the 
test. However, the fact that the reliability coefficient (KR-20) 
increased to 0.57 for the MIT(B) as a result of keying the items according 
to the misconceptions that students were expected to possess in chemical 
equilibrium was encouraging. This would suggest that the Misconception 
Identification Test has some reliability as an instrument for the pur- 
pose of identifying misconceptions in this area. 

The relatively high correlation coefficient found to exist 
between MIT(A) and MIT(B), (i= .71), is discussed/jin ajlater section 
of this chapter. 

These findings are in general agreement with the consensus of 
the four chemistry teachers involved in the study, who felt that the 


MIT was a difficult, but valid test of material pertaining to chemical 
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FIGURE 1 


Frequency Distribution of the MIT(A) Scores 
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FIGURE 2 


Frequency Distribution of the MIT(B) Scores 
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equilibrium in the CHEM Study text. 


The Chemtstry Achtevement Test (CHAT) 

The mean and standard deviation of the CHAT are reported in 
Table II. The CHAT mean is 59.1 percent and indicates that the students 
found the test fairly difficult. The Kuder-Richardson reliability 
coefficient (KR-20) of 0.75 is acceptable for an achievement test of 
this nature (Jackson and Ferguson, 1941). The CHAT was devised by 
Lantz (1972) and was found to have a reliability (KR-20) of 0.71 on 
the sample of 198 students in his study. 

The standard deviation of 5.02 indicates that approximately 
two-thirds of the scores lie between 14 and 24, The Proueney distri- 
bution of the CHAT scores given in Figure 3 shows a rather wide range 
of scores, with the highest frequency of scores occurring near the mean. 
In order to investigate how specific misconceptions and the number of 
misconceptions are related to different leveis of achievement, the 
students in the study were divided into three nearly equal groups on 
the basis of their CHAT achievement scores. This was done by using the 
frequency distribution of the CHAT to establish, as nearly as possible, - 
three groups of equal size (high, middle and low). Cutting points at 
17 and 21 produced three nearly equal groups. 

Table III shows fie dee don of male and female students 
within the three achievement groups. 

The percentage of 63.6 of boys and 36.4 of girls in the sample 
is in general agreement with other studies on the high school science 
population (Lantz, 1972; Walberg, 1967). A chi-square test of inde- 


pendence performed on the data indicates that there is no significant 
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FIGURE 3 


Frequency Distribution of the CHAT Scores 
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TABLE III 
Distribution of Sample by Sex in Achievement Groups 


High, Middle and Low 


N = 99 
Sex High Middle Low Abe yeti § 
Male Fe: Zk A ee 63 
Female tL 9 16 36 
Total 36 30 33 99 


difference in performance on the CHAT for the two groups according to 
sex. In a similar manner both the number of misconceptions held by 
male and female students and specific misconceptions held were investi- 
gated to determine whether there was any significant difference between 
the two groups. No significant difference was found. This investiga- 
tion is discussed in section three of this chapter. On the basis of 
the above results no further attempt to investigate the sex factor was 


undertaken in subsequent analyses. 


The Skemp Test (SK6, Part II) 

The mean and standard deviation of the SK6 are reported in Table 
II, together with the intercorrelations of the three pect ion enee the 
SK6. 

The mean of the total SK6 is equivalent to 61 percent of the 
possible total. The frequency distribution in Figure 4 shows a con- 
siderable range of scores. Means for the three sections of the SK6 
test) SK6G.), SK6(2) “and 'SK6(3), are equivalent to 72.5 percent, 70.6 
percent and 40.1 percent Poser uals The relatively low mean for the 


third section of the SK6 test is not unexpected in light of the view 
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91 
that performance on this section is regarded as closely associated with 
formal operational thought. 

As discussed in Chapter III, performance on the respective sec- 
tions of the SK6 test is seen to be related to the cognitive level (Fy) 
and probably accounts for the apparent difficulty of the third section 
of the SK6. 

A discussion.of the results of the other Piagetian tasks (PT 1 
and PT2) used to determine the cognitive level of the students in the 


sample follows. 


ihe. Pragetian Tasks (PF J and PP 2) 

The Piagetian tasks, PT 1 and PT 2, were evaluated according to 
specified criteria based on extensive experiments described in Inhelder 
and Piaget (1958, p. 107-122) and presented in Chapter II. 

In terms of levels of cognitive functioning the sample (N=99) was 
classified as follows: 

Early Concrete (C,) - 3 students 


24 students 


Late Concrete (C,) 


61 students 


Early Formal (F,) 
Late Formal (Fo) - 11 students. 

In gross terms, 73 percent of the students were found to be 
capable of using formal peer ee ins theirs thinking with. respect, to 
these tasks and 27 percent were still limited to concrete operations. 
This is based on the assumption that the Biaeerian tasks, as used in 
the study, give a valid indication of the levels of cognitive function- 
ing. These results are in general agreement with other investigations 


in this area (Buell and Bradley, 1972; Hobbs, 1972) which indicate that 
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the majority of high school students were capable of early formal 


thought (Fy). 


It should be noted here that PT 1 and PT 2 were found to be 
equivalent tasks for purposes of the study. That is, performance on 
either task was indicative of the other. This finding arose as a 
result of initially attempting to evaluate student performance on 
each task separately according to the specified criteria. Comparison 
ef the results tor the first 40 students on both tasks, PT 1 and PT 2, 
proved totally consistent. For this reason, PT 1 was used to evaluate 
the remaining students' performance on these tasks. Since any refer- 
ence to PI°l is equaily applicable in ali respects to PT 2, the 
designation 'PT 1' will refer from this point on to the two tasks 
combined. This combined designation was also used in reporting results 


in Table Il. 


The Co-operative School and College Abtltty Test (SCAT) 

The mean and standard deviation of the SCAT scores for the total 
population of Alberta Grade IX eee who wrote the test in 1970 were 
obtained from the Department of Education. For the feral population 
who wrote the SCAT, the mean score on the verbal section was 37.7 and 
the standard deviation was 10.3. For the students in the present study, 
the mean score on the verbal section is 44.3 with a standard deviation 
of 8.4. On the quantitative SCAT scores the population mean and 
standard deviation were 28.0 and 8.7, respectively. The corresponding 
quantitative SCAT scores for the sample have a mean of 34.1 and a 
standard deviation of 8.1. The total SCAT scores for the population 


had a mean of 65.7 and a standard deviation of 17.0. The mean and 
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standard deviation of the total SCAT scores for the sample are 78.5 and 
14.1 respectively. 

SCAT scores for eleven students in the sample were not available. 
For these students the mean SCAT score for the sample was used in the 
ean Se of the data. A test for the homogeneity of variance of the 
SCAT scores was performed beforehand to ensure that this decision was 
justifiable. 

The higher means and smaller standard deviations of the SCAT 
scores of the sample indicate they are a comparatively select group. 
These findings would generally be expected for the total chemistry 30X 
population, as students of higher ability tend to enrol in chemistry 
and selection occurs prior to reaching chemistry 30X. 

SCAT scores for the study sample are presented in Appendix E. 


The frequency distribution of the total SCAT scores appears in Figure 5. 


Results and Discussions Related to the Major Hypotheses 


Hypothests 1.0 
Hypothesis 1.0 states that the rate of incidence of specific 
misconceptions in pheiieas equilibrium consistently exceeds that 
expected by chance. Results of the item analysis on the MIT are presented 
in Table IV together with the chance value for the incorrect responses 
for each item and the chi square associated with the distribution of 
the incorrect responses. 
On all items the proportion of students choosing the response 
based on the keyed misconception consistently exceeds that expected by 


chance. The distribution of the incorrectly keyed answers yielded 


ea | in hae 


brea 2,00 ote, afepase weld got, werttine RADE: £0999 é 


alictievs 20 tqw piieuie ala ak ican torial Ly 
oft wi ben sew Slime ants a) arose Age Sree cave 


gre) td Soe ETAVY In eo hsintg cag ans qot $602 A "ea badd a 


jew coke loeh ee re ys stvena, ay basiteroted bamaed reg. eee re | 


eee 
= 


* 


(Ave deo to enokesiveb-beebqese oOlisee bn area 3 
Groin tsetse’ Wlavisesnim> A Sia yady perear abinece) “ 
OF v4 ik Linadio ists atin FOR ahaa ated 98 vide ee, hhvow « 
videtaods 1c. ares 028 baad tee) TEA aly RE | is eres * - 
KOE gorey ciel: eae o2 sohaq en | 

clhoasdetk pk Ha tiasS tq ats ohentee chafaa, ela laid alk 
srigt® at edhagae aerese rae sisi alt, oe cdtdudbaseth 5 


shantaonn orein ita. pen cipa dimbeuugarg 


’ : 
" x 


aki Coy ge ha sansbiorh to 33 4y ay Wearly: aaa bi 


reds ebbobxe vitiieets bios widget Kates wr a 
he wemeory: +h Ta wits i siiecipan ina ot To. ‘ete auch 


7 


Baptndest sovnennk ef, wet shies sigs ely “ab wnt 
- i 

et, sity Pile: pau Gui or 
ai ) i, : _ 


nate Pins 


= 


7 1 i TaN 


. : 7 " 


94 


FIGURE 5 


Frequency Distribution of the Total SCAT Scores 
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TABLE IV 


Item Analysis of the MIT: Chance Values and 


Chi Squares for Incorrect Responses 
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96 
significant chi squares (p < .01) on all items except five. 

The six specific misconceptions investigated in the study were 
as follows: 

Misconception 1: Mass vs. Concentration 

Misconception 2: Rate vs. Extent of Reaction 

Misconception 3: Constancy of Equilibrium Constant 

Misconception 4: Misuse of Le Chatelier's Principle 

Misconception 5: Constant Concentration 

Misconception 6: Competing Equilibria. 

In order to ascertain the extent to which the major misconception 
occurred, both a performance score and a misconception score were deter- 
mined for each student for each of the six misconceptions. The MIT 
performance scores for each misconception were obtained by determining 
the number of items correctly answered by each student on the subtest 
of the MIT measuring the given misconception in MIT(A). For example, 

a student answering 3 out of the 5 item subtest dealing with misconcep- 
tion 4 on the MIT(A) correctly, would be given a performance score of 
3 on misconception 4. 

In a somewhat similar manner misconception scores for each 
student for each misconception were obtained using the MIT(B) scores. 
The misconception score refers to the number of items on the subtest 
dealing with a given misconception that a student obtains using the 
MIT(B) Key. It should be noted here that the performance score and the 
misconception score are closely related in the sense that both scores 
are obtained from the same test using different igi for the test. 
Further, once the performance score for a given student is obtained, 


restrictions are placed on the possible misconception score the student 
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27 
can obtain. 

To illustrate, consider the case where a student answers three 
items correctly on the five item subtest dealing with misconception 4. 
The performance score for the student is therefore 3. The misconcep- 
tion score is found by determining how many of the items missed on the 
MIT(A) subtest can be attributed to a misconception as given by the 
MIT(B) test. In this case, if the two items incorrectly answered on 
the five item MIT(A) subtest are both consistent with the keyed response 
on the MIT(B) subtest, the student would be given a misconception score 
of 2 on this particular misconception. By this method misconception 
scores for each student on each of the six major misconceptions were 
calculated. 

The decision was to whether a given student possesses a particular 
misconception was made on the basis of both the MIT performance and 
misconception scores. A misconception was said to be present if the 
misconception score accounted for 50 percent or more of the subtest 
incorrectly answered on the MIT(A) test. Using this criterion, the 
presence or absence of each of the six major misconceptions for each 
student, together with the total number of misconceptions possessed by 
each student was Ragertined: The results are presented in Table V. 

Table VI presents the distribution of the specific misconceptions 
within the sample. Misconception 4, the misuse of Le Chatelier's 
Principle, was found to be the most prevalent of the six major miscon- 
ceptions studied, being held by 95 out of the 99 students in the study 
sample. Both misconceptions 1 and 2, the misconceptions of mass vs. 
concentration and rate vs. extent of reaction, respectively, occurred 


to the same extent and were found to be the least prevalent. 
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TABLE V 


MIT Performance and Misconception Scores, 


Total Misconceptions and Cognitive Level for Sample 
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TABLE V (continued) 


MIT Performance and Misconception Scores, 


Total Misconceptions and Cognitive Level for Sample 
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TABLE VI 


Distribution of Sample Possessing 
Specific Misconceptions 


N = 99 


Possessed Misconceptions 


Number of 
Students 


TABLE VII 
Distribution of Sample Showing Number 
of Misconceptions Held 


N = 99 


Number of Misconceptions Held 


Number of 
Students 
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The distribution of the total number of misconceptions held by 
the Brady eeupte is presented) in Table Vil. This refers to the actual 
number of misconceptions out of the six possible. Resuits indicate 
that 82 percent of the sample possessed three or more of the six miscon- 
ceptions identified. Almost half of the students (45%) held four or 
more of the six misconceptions. 

These findings clearly indicate that students do possess mis- 
conceptions in the area of chemical equilibrium. The rate of incidence 
of specific misconceptions was found to consistently exceed that expected 
by chance. Further, of the six major misconceptions under investigation, 
each student in the sample was found to possess an average of 3.5 mis- 
conceptions. 


There. appears no. evidence for the rejection of hypothesis 1.0. 


Hypothests 2.0 

Hypothesis 2.0 states that there is no significant relationship 
between student achievement in chemistry as measured by the CHAT and 
performance on selected Piagetian Tasks. The intercorrelations of the 
CHAT with the three sections of the Skemp Test (SK6), the total perfor-~ 
mance score on the SK6, and the Piagetian Tasks, PT 1, are presented 
in Table II (p. 83). All correlation coefficients exceed the critical 
value of 0.20 (df=98) at the .05 level of significance. 

Of the two types of Piagetian Tasks, PT 1 has the highest corre- 
lation. with the CHAT scores (r = .74, p <..001). To determine the extent 
to which performance on PT l eoutributes to the variance of the achieve- 
ment scores, a stepwise regression analysis was carried out on the 


prediction of the CHAT using the Piagetian Tasks as predictor variables, 
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The stepwise regression procedure makes use of the correlation matrix 
for the predictor variables and enters into regression the variable 
most highly correlated with the variable being predicted, in this case 
the CHAT score. Using the partial correlation coefficients as before, 
‘it then selects, as the next variable to enter the regression equation, 
that predictor whose partial correlation with the CHAT score is highest. 
This process continues with the re-examination at every stage of the 
regression of the variables incorporated into the model in previous 
Stages. Any entering predictor variable which provides a nonsignificant 
contribution is removed from the model. This process is continued until 
all significantly contributing predictor variables enter the regression 
equation (Draper and Smith, 1966, p. 171-173). 

The results of the stepwise regression analysis for the predic- 
tion of achievement in chemistry from the Piagetian tasks are presented 
in Table VIII. The first variable entering the regression equation is 
the PT 1 score which accounts for 54.3 percent of the variance in the 
CHAT scores. The second variable to enter the regression equation is 
the SK6(2) score which increases R* to 58.7 percent. Both the quantita- 
tive and verbal scores on the SCAT, which were also included in the 
analysis as predictor variables, did not significantly contribute to the 
variance in the CHAT over and above the contribution of PT 1 and SK6(2). 
This suggests that performance on the Piagetian tasks, PT 1 and SK6(2), 
may be better predictors of achievement in chemistry than general ability. 
The regression equation for the prediction of CHAT scores from PT 1 and 
SK6(2) is presented with Table VIII. 

Of the three sections of the Skemp Test, the only section that 


enters the regression equation significantly is the SK6(2) section. 
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TABLE VIII 


Prediction of CHAT Scores from a Combination 
of Piagetian’ Tasks ’PT1, SK6.(1) ; 
SK6(2), SK6(3) and SCAT Scores 


Probability 
Predictor F Value Total Level for 
Variable for Variable F Last Variable RZ 
Entering Entering Value Entering (percent) 
ira aa D fn les i Dope =, 00L 54.3 
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This section displayed the highest correlation to achievement in chemis-— 
try (eS e47 5p iw 200k) The fact that. a\ large proportion of the sample 
(73%) was found to be capable of formal thought as determined from their 
performance on PT 1 would suggest that the SK6(2) scores might be more 
discriminating with respect to achievement scores as performance on 
SK6(2) is more indicative of formal thinking. That is, the items on 
the SK6(2) section of the Skemp test involve transformations associated 
with either the early or later formal levels of cognitive development. 
One would not expect the SK6(3) scores to contribute to the achievement 
scores as only 11 percent of the ne were deemed capable of late 
formal thinking according to performance on PT 1. Of the three portions 
of the Skemp Test, SK6(3) displayed the lowest correlation with CHAT 
(r = 0.21, p = 0.033). The correlation between PT 1 and SK6(T) was 
found to be 0.34 (p < .001). The section of the SK6(T) most highly 
correlated with PI] was, as expected, SK6(2), (r = 0.38, p <  sO001)s 

The means and standard deviations of all tests for each of the 
three achievement groups are presented in Table IX. The mean of 3.3 
for the high group on the PT 1 indicates that most students in this 
group are capable of formal thinking. The means for the middle and 
low achievement groups on PT 1 indicate that the majority of students 
in these groups are operating at the level of late concrete thinking. 

Scheffé's multiple comparison of means of the PT 1 scores shows 
that the scores for the low group are significantly different from the 
middle (p = .001) and high (p < .001) groups. The scores of the middle 
and high groups are also significantly different (p = .008). That is, 
even though the middle and low groups all operate at the level of 


concrete thinking, there is an apparent significant difference within 
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TABLE IX 


Test Score Means and Standard Deviations 


for the Three Achievement Groups 
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the concrete level (i.e., the substages of the cognitive level). 

The reported means for the three achievement groups of the CHAT 
scores in Table IX indicate a small standard deviation for the middle 
achievement group. This is due to the manner in which the achievement 
2 were defined. The high frequency of scores near the mean made 
it necessary to choose upper and lower limits of the middle group 
close together in order to achieve three groups of nearly equal size. 

Table X presents the results of the one-way analysis of variance 
for the test scores. Both Piagetian task scores, SK6(T) and PT 1, are 
Significantly different (p < .001) for the three groups. An examination 
of the results of the analysis of variance for the three sections of 
the Skemp test reveals that only the SK6(2) scores are significantly 
different for the three groups at the 0.01 level. This is consistent 
with the stepwise regression analysis discussed earlier. 

It should be noted that for both the verbal and quantitative 
sections of the SCAT, the respective mean for the low achievement group 
exceeds that of the middle group. This result is not evident from the 
analysis of variance results for the SCAT scores which found significant 
differences on both the V. SCAT and Q. SCAT for the three achievement 
groups (p < .01). However, as discussed earlier in this section, 
neither the verbal nor quantitative sections of the SCAT scores contri- 
buted significantly to the regression analysis carried out for the 
prediction of CHAT scores. In this light comparatively little importance 
is placed on the significant differences for the three groups based on 
the SCAT scores. 

On the basis of the results presented, hypothesis 2.0 is rejected. 


There appears to be a significant relationship between student achievement 
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TABLE X 


One-way Analysis of Variance on the Test Scores 
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in chemistry as determined by the CHAT and performance on the Piagetian 
tasks, PT 1 and SK6. 

The relationship established between achievement in chemistry 
and performance on the Piagetian tasks is taken into consideration in 


the testing of the remaining hypotheses. 


Results and Discussion Related to Hypotheses 2.1, 2.2, 2.3 and 2.4 


Hypothests 2,1 

Hypothesis 2.1 states that there is no significant relationship 
between the number of misconceptions a student demonstrates in solving 
selected problems in chemical equilibrium and performance on selected 
Piagetian tasks. The Pearson product-moment coefficients between MIT(A) 
and MIT(B) and the Piagetian tasks, PT 1 and SK6, are presented in 
Table II (p. 83). All correlation coefficients are significant at the 
-O1 level. 

The highest correlation exists between MIT(A) and PT 1, (r = 0.61, 
p < .001). It might be noted that although the total Skemp test, SK6(T), 
- is significantly related to both MIT(A) and MIT(B), the three sections 
of the SK6 again vary considerably in their relationship to MIT(A) and 
MIT(B). SK6(2) has the highest correlation coefficient in both cases. 
The SK6(2) section of the Skemp test also displays the highest correlation 
with th@eSCATNstoresyeaG@i= 0F479%p12001).m Thisswouldibe expectedmas 
performance on both the MIT(A) and MIT(B), like the CHAT, is basically 
a measure of achievement in chemistry. Thiseishintaddi tion) to ithe 
specific purpose of the MIT in identifying major misconceptions in 


chemical equilibrium. 
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misconceptions possessed and performance on the Piagetian tasks was 
obtained by carrying out the stepwise regression analysis for the pre- 
diction of both the MIT(A) and MIT(B) scores using various combinations 
of predictor variables. Results of these analyses are presented in 
Tables XI-and XII. For the prediction of MIT(A), PT 1 was found to be 
the only significant predictor variable (R* = .37.5, F = Seeeqepe< .O00L) 
entering into the regression equation. None of the SK6 sections contri- 
buted significantly to the prediction over and above the PT l. 

When a further stepwise regression analysis was performed using 
the CHAT score as an additional predictor variable, no significant 
effect on the regression equation for MIT(A) was observed. 

However when the CHAT scores were included in the prediction of 
MIT(B) scores in addition to the Piagetian tasks, PT 1 and SK 6, they 
were found to be the only significantly contributing predictor variables 
in the equation (R = 26.4, F = 34.7, p < .001). Apparently a consider- 
able amount of the variance contributed by the PT 1 is common to the 
CHAT in relation to MIT(B). This result is interesting because, although 
the PT 1 and CHAT are 2 Paras correlated (r = 0.74, p < .0001), the CHAT 
scores do not enter the regression in the prediction of MIT(A) scores. 
This supports the contention that MIT(A) and MIT(B) are two distinct 
tests as used in the study. 

Table XIII presents the distribution of the number of possessed 
misconceptions within the cognitive levels and substages of each level 
as measured by performance on PT 1. The distribution clearly indicates 
that the number of misconceptions possessed by the sample is related to 
the cognitive level of the student. Approximately 70 percent of the 


students at the early or late concrete level were found to possess more 
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TABLE XI 


Prediction of MIT(A) Scores from a Combination of 


Piagetian Tasks, PT1,, SK6 and SCAT. Scores 


Probability 
Prediction FE Value for ToOEaLl Level for Last 
Variable Variable F Variable R2 
Entering Entering Value Entering (percent) 
A et eg ee 
PEL Done DOi2 <.001 Bie 


The regression equation in raw-score form 
is given by: 


TABLE XII 


Prediction of MIT(B) Scores from a Combination of Piagetian 


Tasks, PT1 and SK6, CHAT Scores and SCAT Scores 


| Probability 
Prediction F Value for Total Level for Last 

Variablem Variable F Variable Re 
Entering Entering Value Entering (percent) 


CHAT 34.7 S| <,001 26.4 


The regression equation in raw-score form 
is given by: 
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y = 0.4Y + 11.0 
MIT (B) CHAT 
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TABLE XIII 


Distribution of the Number of Possessed 


Misconceptions Over Cognitive Level 


COGNITIVE LEVEL _ 


CONGR FORMAL 


Number of 
Possessed 
Misconceptions 
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36 
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than three of the six major misconceptions. Only 36 percent of the 
students at either the early or late formal level held more than three 
major misconceptions. 

The results of a chi square test of independence between the 
number of misconceptions held and cognitive level are presented in 
Table XIV. The categorization of three misconceptions or less and 
more than three misconceptions was chosen as it divided the sample into 


two nearly equal groups. 


TABLE XIV 


Chi Square Test of Independence: Number 


of Misconceptions vs. Cognitive Level 


Cognitive Level 


_ 5 Or 
ro less 
ie 
* x? = 9.3 (df=1) 
a : over 
5) 3 
Ss 2 CPOOLE< Pp 247 0%) 
=o Total 


As a result of the findings presented above, hypothesis 2.1 is 
rejected. There appears to be a significant relationship between the 
number of misconceptions held by students and their performance on the 
Piagetian tasks. 

A consideration of the relationship between specific misconcep- 


tions and performance on the Piagetian tasks follows. 


Set | 4 
ald Re snasten OC yheO snot oquenmaese rota 0 
sw td? andy ove Big Leved- Lannea? egal a ait? 


a 


ty 
‘ -z 


4 


ck baanhesro aun Lowsitt evt hanes has hifi ers 


i a, 


kee enol +O saactestnesaaa orm 43; oossaahigntae at vm 
ager efoiiee Sd¢ beabivibl. ga: Bi aged Bay suc sqaqmunRbae soxda f 
—— -_ un 


vit ane | 
tedove tAwtehaogebil. la seek Tieepe Aste. 
fove:). autsinie? se saa eae o XO. 


isos 4 sme SLAG. ; 


/ * 


id LT : 


\ or 
at {.0 sieatoagl sade bataseeey hijaianite sift x9 stuees, we _ 
og mowaad sailed ra trgothingts & sd oy vxesaye oxsa me re 


oi AG SacnmYe?Toq atoily ape perobses ed ado critieleenigincts 


je 


eee” 
ws 
i 


' ete?” 


“qgnatvaln cttisege ayavsed ised dics ora to atsanetinenis Ai — 
ae LOX eines oabtegeit adi no, ecnaeeFaed ba aS ie ae 


~~ 


iy 
Hypothests 2.2 

Hypothesis 2.2 states that there is no significant relationship 
between selected misconceptions in chemical equilibrium and performance 
on the Piagetian tasks. The results of the chi square tests of inde- 
ora performed for each of the six major misconceptions according 
to cognitive level are presented in Table XV. 

Only misconception 1 (mass vs. concentration) and misconception 
2 (rate vs. extent) were found to be significantly related to cognitive 
level. It might be noted that misconceptions 1 and 2 occurred to the 
same extent and were the least prevalent of the six misconceptions 
under investigation. The fact that the relationship between misconcep- 
tion 1 (mass vs. concentration) and cognitive level was found to be 
highly significant (p < 001) suggests that phede concepts are not 
truly understood until some degree of formal operational thought is 
present. 

The remaining four misconceptions, although highly prevalent in 
the sample, do not appear to be related to cognitive level as measured 
Dy Pil, “Bach or “the sixes speciiic nd Beton evens is discussed more 
fully in section five of this chapter. 

On the basis of the significant relationship between misconcep- 
tions 1 and 2 and performance on the PT 1, hypothesis 2.2 is rejected 


for these misconceptions. 


Hypothests 2.38 
Hypothesis 2.3 states that there is no significant relationship 
between the number of student misconceptions in chemical equilibrium 


and achievement in chemistry. 
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Contingency Tables: Major Misconceptions 


According to Cognitive Level 


Cognitive Level 
C F 


pres. 5 14 
Miscon- 
ception 
ie 


pres 
Miscon- 
ception 
5 abs. 
x2 
Cognitive Level 
C F 
pres. 
Miscon- 
ception 
yy abs. 


Cognitive Level 


pres 
Miscon- 
ception 
2 abs. 
y2 
Cognitive Level 
pres. 9D 
Miscon- 
ception 
4 abs. 4 
27 Tahe 99 
ize = O02 480.5 Pas_. 90 
Cognitive Level 
C F 
pres. 
Miscon- 
ception. 
6 abs. 
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The two versions of the Bee eis aici Identification Test, 
MIT(A) and MIT(B), were found to be highly correlated (r = 0.71, 

p < .001). In turn MIT(A) and MIT(B) exhibit significant correlation 
eceriiclents with ‘the CHAT! Scores, r= 0.55 andr = 0.51, respectively. 
In order to determine the effect of the achievement score (CHAT) upon 
the relationship between MIT(A) and MIT(B), a first order partial 
correlation coefficient was calculated (Ferguson, 1971, p. 390-392). 

The partial correlation between MIT(A) and MIT(B), eliminating 
the effect of achievement, was found to be 0.61. Using this value, 
the percentage of the total variance of the MIT(B) in common with the 
achievement scores was found to be 26.2 percent. This is consistent 
with the result obtained using the stepwise regression analysis for 
the prediction of MIT(B) scores from a combination of predictor 
variables as presented in Table XII. The CHAT score was found to be 
the only significant variable euteriie the equation (R% = 26.4, 

F = 34.7, p < .001). Neither the SCAT scores nor the Piagetian tasks, 
PT 1 and SK6, enter into the prediction equation. Apparently the 
variance ratio of the CHAT to these various predictors is similar. 

This suggests that the number of misconceptions, as wee red by MLE CB); 
is related to Ber tevcnews in chemistry. 

The distribution of the number of misconceptions within the 
three achievement groups is presented in Table XVI. Fifty-seven percent 
of the students in the low achievement group possessed more than three 
misconceptions compared to 30 percent in the high achievement group. 

A significant chi square (x? = 12.37, .001 < p < .01) was found between 
the number of misconceptions held by the sample and achievement in 


chemistry. 
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Number of Misconceptions 


TABLE XVI 


Chi Square Test of Independence: 


Number of Misconceptions vs. Achievement Group 


Achievement 


Total 
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There appears to be a significant relationship between the number 
of misconceptions a student possesses in chemical equilibrium and 
achievement in chemistry. Hypothesis 2.3 is rejected. 
A consideration of the relationship between specific misconcep- 


tions and achievement in chemistry follows. 


Hypothesis 2,4 

Hypothesis 2.4 states that there is no significant relationship 
between selected misconceptions in chemical equilibrium and achievement 
in chemistry. Table XVII presents the 2x3 contingency tables for each 
of the six major misconceptions according to the three achievement 
groups. 

Three of the six misconceptions, numbers 3, 4 and 6, yielded 
significant chi squares at the .05 level. Of these, misconception 6, 
that of ‘competing equilibria,' yielded the greatest value for chi square 
(x2 = 13.42, p = .001). Misconception 6 refers to the inability of 
students to take into consideration all possible factors or variables 
that may affect the equilibrium condition of a chemical system. This 
suggests that the inability to control all possible variables in 
problems of chemical equilibrium may be related to achievement in 
chemistry. 

Although misconceptions 1 and 2 were found earlier to be related 
to cognitive level, no relationship between these misconceptions and 
achievement was observed. Similarly misconception 5, that of ‘constant 
concentration,’ was not found to be related to achievement. 

On the basis of these results, hypothesis 2.4 is rejected. There 


appears to be a significant relationship between certain misconceptions 
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TABLE XVII 


Contingency Tables: Major Misconceptions 


According to Achievement Group 


Achievement 
high middle low Total 
Miscon- Cero) @i7) 
ception 1 present 7 E2 29 
(mass vs. ee asi 
concen- (23.23) 
tration) absent 21 70 
Total 36 30 be: 99 
Achievement 
high _ middle low Total 
Maenaee (10.5) (8.8) (9.7) 
ception 2 present 7 9 £3 29 
(rate vs. ae | . 
extent) (25.5) C242) (23.8) 
absent 29 21 20 70 
Tacavee | 36 30, 33 99 
Achievement 
high middle low Total 
Miscon- 
ception 3 present 47 
('Constancy' 
of constant) 
absent 42 
Total 99 


x2 = 1.35 
p = 0.509 
y? = 3.32 
p= 102190 
x2 = 6.68 
p = 0.035 
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TABLE XVII (continued) 


Contingency Tables: Major Misconceptions 


According to Achievement Group 


Achievement 
high middle low Total 
Miscon- (28.8) (Si?) 
ception 4 present 05 
De 
(Le Chatelier's x 8.34 
Principle) = 0.015 
absent 4 
Total 99 
Achievement 
high middle low Total 
Miscon- 
ception 5 present 84 
= 0.92 
(Constant 
Concentration) = 0.631 
absent 1s 
Total Zio ie a 99 
: AIRE 
high middte Total 
Miscon- 
ae present 60 yes Rae 
(Competing 
Equilibria) p = .001 
absent 39 
Total 99 
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a student possesses in chemical equilibrium and achievement in chemistry. 


Associated Questions 


The three associated questions presented in Chapter I have been 
dealt with in the treatment of the major hypotheses. However, they are 
included here for purposes of BTerity. 

Questton 1. Is there a significant difference between male and 
female students in the number of misconceptions in chemical equilibrium? 

No significant sex difference in the number of possessed miscon- 
ceptions was found. The chi square test of independence proved nonsig- 
nificant. Similarly, the distribution of the sample, by sex, for the 
total number of misconceptions proved nonsignificant. 

Questton 2, Is there a significant relationship between specific 
misconceptions and the sex of the student? 

Chi square for each of the six major misconceptions, by sex, 
proved nonsignificant. Although specific misconceptions were found to 
be related to both cognitive level and achievement in chemistry, no 
sex factor was observed. 

Question 3. Is the degree of student misconceptualization in 
chemical equilibrium related to mathematical ability? 

The only measure of mathematical ability available to the study 
was the quantitative section of the students' Grade Nine SCAT score. 
Using this measure, no significant relationship between either the 
number of misconceptions held or specific misconceptions held and 
mathematical ability was observed. In the npedterton of both the MIT(A) 
and MIT(B), the Q. SCAT was not a significantly entering predictor 


variable. Further, the Pearson product-moment correlation coefficient 
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between MIT(A) and the Q. SCAT did not achieve significance at the .05 
level (ro = 213). 
The following section discusses the six major misconceptions in 


light of the results presented in this chapter. 


Discussion of Major Misconceptions 


The results related to the six major misconceptions are discussed 
here in turn. 

Table I in Chapter II presented the items of the MIT indicating 
the relevant misconception corresponding to each item. Means and 
standard deviations for the MIT subtests are presented in Table XVIII. 
Intercorrelations of the six subtests of the MIT are presented in Table 
XIX and indicate that the subtests are essentially independent of each 


other. 


Misconception 1. Mass vs. Concentratton 

Students have difficulty in clearly distinguishing between the 
two basic and quite different concepts of mass and concentration. 

The confusion between the two concepts shows up when students 
are asked to consider the following equilibrium: 


CO + Ccocl1 


Oy a + heat. 
(g). 2s) pO i. 


2(g) 
They are then asked to predict the effect on the equilibrium mass 
(number of moles) and concentration of CO when the volume of the system 
is halved by increasing the pressure at constant temperature. Although 
68 percent correctly predicted that the number of moles of CO would 
decrease under these pond icione yeonly 27 percent realized that the 


concentration of CO would increase because of the volume being halved. 
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TABLE XVIII 


Summary of Statistics of MIT Subtests 


Misconception Subtest 


*Number in parentheses indicates number of items on subtest. 


“TABLE XIX 


Intercorrelation of MIT Subtests 


Misconception Subtest 
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Forty-nine percent predicted that the concentration would decrease, 
presumably because the mass of CO also decreased. Students tend to 
associate any increase in mass with a corresponding increase in con- 
centration and fail to appreciate other factors, like volume, which 
affect this relationship. This may well indicate that these students 
fail to integrate fully the two forms of reversibility (negation and 
reciprocity). This finding is reinforced by the results of asking the 
Students to predict the effect on the mass and concentration of cocl, 
in the same system under the same conditions. 

Here, again, a large number of students (70%) correctly pre- 

dicted that the mass of COC1, would increase. An even larger number 


2 


(83%) correctly predicted that the concentration of the cocl., would 
likewise increase. The fact that misconception 1 was found to be 
Significantly related to cognitive level for the sample suggests that 
the students' inability to deal adequately with the INRC group trans- 
formations may be an underlying cause of the misconception. 

The MIT included a section which required the student to state 
his reasoning in arriving at a particular response for five randomly 
selected items on the MIT. Analysis of this section oe used to 
classify the type of misconception that occurred (Type I, Type II, 
Type III), discussed in a later section. In addition insight into 
the students' responses was gained by investigating their stated 
reasoning for particular items. 

For example, in the above instance in which the student was 


asked to predict the effect on the equilibrium concentration of the 


CO as a result of decreasing the volume of the system, only 6 of the 
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17 students sampled on this item gave the correct answer. Of the 
students responding incorrectly the nature of the stated reasoning used 
in arriving at their answer strongly suggests a confusion between mass 
and concentration. Typical reasons stated included: 


» - . if there are less moles of CO then the concentration 
will be less. 


- »- « the concentration does not change. 


» « « @ concentration has shifted to the right to relieve 
pressure. 


ws) GOS Concentration of the CO will be less in order 
for the cs valve to remain the same, 


Misconeception 2.° Rate’ vs. Extent 

This misconception deals with the confusion that arises between 
how fast a reaction proceeds (rate) and how far (extent) the reaction 
goes. It is possible to give examples of reactions that proceed very 
slowly in terms of completion but go almost to completion, and conversely, 
one can find instances of reactions (mainly in aqueous solutions) that 
proceed very rapidly but not to any degree of completion. Results of 
the MIT subtest dealing with this misconception suggest that students 
tend to associate rate with extent and vice versa. That is, given a 
system in which a larger amount of product is found as a consequence of 
some change on the system, a large percentage of students predicted 
this will result in a faster rate of reaction, even in those reactions 
which took place at a lower temperature. 

Items 1 and 2 on the MIT illustrate the rate-extent misconception 
clearly. These items ask the student to predict the effect of lowering 
the temperature on the coc, system. Although 43 percent were able to 


correctly predict that the equilibrium mass of COCI, increased, 21 percent 
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predicted that the rate at which the cocl., is being formed was likewise 
increased, even at the lower temperatures. Analysis of the reasoning 
used by those students who predicted an increase in the rate of reac- 
tion suggests that any increase in the extent of the reaction implies 
an increase in the rate of the reaction. For example one student 
stated: 


- « . the reaction.is shifted to the right, therefore the 
forward rate of reaction is increased. 


Other reasons given included: 


- e»« it. [rate increase] has to be because more COCI1 


is being produced. “ 


- « « decrease in temperature favors products and 
therefore more cocl, is produced more quickly to: overcome 
stress. 

It might be noted here that all of the students who correctly 
predicted the greater rate of reaction on this item also indicated that 
their response was based on Le Chatelier's Principle. This suggests 
that misconception 2 may be related to misconception 4, that of the 
misuse of Le Chatelier's Principle. It is the opinion of the investi- 
gator that the six major misconceptions studied do vary in their order 
of importance for the understanding of chemical equilibrium. Miscon- 
ceptions 1 and 2 are considered to be more specific in nature. They 
were found to occur to the same extent and to be SienirLCantry COrre= 


lated (p < .05) to each other. Both misconceptions 1 and 2 were found 


to be significantly related to cognitive level. 


Misconception 3. 'Constancy' of the Equilibrium Constant 
The five item subtest of the MIT dealing with this misconception 


revealed a considerable amount of uncertainty about the 'constancy' of 
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the equilibrium constant. Generally students failed to appreciate that 
the numerical value of the equilibrium constant is dependent upon 
temperature alone. 

Only one item (item 3) of the MIT required students to predict 
the change in the equilibrium constant as a result of an actual change 
in temperature. The four other items (9, 14, 19, and 29) all dealt 
with an equilibrium system at constant temperature and therefore a 
fixed equilibrium constant. In all cases well over 50 percent of the 
students responded incorrectly to these items. 

The student reasoning sampled for these items incorrectly 
answered clearly indicated that the students tend to associate a change 
in the concentration of any reactant or product in the system with a 
change in the equilibrium constant, even ‘though the temperature is held 
constant. Several of the reasons sampled for the items of the subtest 
associated with misconception 3 held that the equilibrium constant must 
change in numerical value if a new position of equilibrium is estab- 
lished at a constant temperature. Students do not appreciate that the 
equilibrium ‘constant’ is independent of the volume, the pressure, the 
presence of inert gases or additional equilibria, Eyed cece ten from 
which equilibrium is approached and the initial concentration of the 
reacting species. The uncertainty of the nature of the equilibrium 
constant is evidenced by the following reasoning: 


* «6 « 2f you decrease the product and increase the reactant 
the result will be a smaller Keq. (constant temp). 


. . . the Keq would be less because the concentration of 


the cocl, would be lower (constant temperature). 


Sixty-five percent of the students who missed the items associ- 


ated with misconception 3 stated they were using Le Chatelier's Principle 
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in their reasoning. Almost three-quarters of the remaining students 
indicated they used the Equilibrium Law in their reasoning. Clearly 
limitations of both Le Chatelier's Principle and the Equilibrium Law 


are not fully realized by these students. 


Misconception 4, Misuse of Le Chatelter's Prinetple 

Misconception 4 was found to be the most prevalent among the 
six misconceptions studied. This misconception refers to the excessive 
tendency of students to use what is termed 'Le Chatelier-type' reasoning 
in equilibrium problems which require a quantitative approach. The 
five item misconception 4 subtest had the lowest mean score (0.7) of 
the six subtests of the MIT. 

The limitations of this extremely useful Principle in chemistry 
are clearly not understood by the majority of students. Items 15 and 
16 serve to illustrate this misconception. Here students were asked 
to predict the equilibrium value on the number of moles of CO in the 
COC1., system as a consequence of adding a definite number of moles of 


2 
COC1, and Cl, to the original equilibrium system. Although initial 


Z 2 
concentrations were not supplied to the student, 75 percent of the 
students predicted an increase in the number of moles of CO in item 15 
and 70 percent predicted a decrease in item 16. Of the students 
sampled in the reasoning over 90 percent used Le Chatelier's Principle 
to arrive at their response. Little regard was given to the fact that 
there was insufficient information supplied to accurately predict the 
effect. The solution to these items requires a quantitative approach 


using the Equilibrium Law. The reasoning sampled for items on the 


misconception 4 subtest indicate that students generally apply a more 
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intuitive, qualitative approach to equilibrium problems requiring more 
rigorous solutions. 

The fact that the misconception 4 subtest items proved to be 
the most difficult for the students together with the finding that 
misconception 4 was the most prevalent suggests some basis for concern 
in this area. It may well be that the present CHEM Study text does not 
adequately indicate the limitations of Le Chatelier's Principle or 
difficulties involved in its use. This can be dangerous when students 
try to apply the principle to situations apparently similar to situa- 
tions which are known to yield the correct answer, only to find they 


obtain the wrong answer. 


Misconception 5. Constant Coneentratton 

Misconception 5 refers to the inability of the student to 
appreciate that certain substances possess a fixed or constant concen- 
tration in certain chemical reactions. Investigation of the four item 
misconception subtest of the MIT dealing with this misconception revealed 
that considerable confusion is associated with the term ‘constant con- 
centration. ' 

Misconception 5 was found to be the second most prevalent miscon- 
ception, being held by 84 percent of the study sample. Generally 
students felt that the Hace of a substance which is said to have constant 
concentration affects the position of equilibrium established by a system. 

Although the misconception over constant concentration is usually 
associated with ionic solutions in equilibrium (as in item 26), it was 
found to be equally prevalent in equilibrium problems dealing with 


homogeneous gaseous reactions (as in item 30). 
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In item 26 students were asked to predict the effect on the 
original equilibrium of removing half of the mass of an excess solid 
(silver chromate) in equilibrium with its aqueous ions. Here the 
concentration of the solid is said to be constant. Only 42 percent 
of the students correctly predicted that the removal of some of the 
solid would not affect the established equilibrium. A greater propor- 
tion (45%) felt that the position of equilibrium would be changed. 

The reasons stated by those students who held this misconception 
strongly reflect the feeling that the removal of any substance in a 
system at equilibrium must result in a change in the position of equi- 
librium. Here again Le Chatelier reasoning was used to arrive at 
their responses. 

Although item 30 dealt with a homogeneous gaseous reaction in 
which the substance displaying constant concentration was liquid water, 
the results were similar to those of item 26. Little account was given 
to the role of the liquid water in the system as 60 percent of the 
students felt that the amount of mass of water present affected the 
established equilibrium. 

The relatively low mean (1.2) for the 4 item subtest dealing 
with misconception 5 indicates the degree of difficulty students have 
in dealing with equilibrium problems involving substance of constant 


concentration. 


Misconception 6. Competing Equiltbria 
Misconception 6 refers to the inability of students to take into 
consideration all possible factors that may affect the equilibrium 


condition of a chemical system. It was found to be the third most 
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prevalent misconception studied, being held by 60 percent of the sample. 
The seven item subtest dealing with misconception 6 had a mean score of 
393: 

In examples where there are 'competing equilibria’ or where 
there are two or more ‘opposing effects’ to be considered, students had 
considerable difficulty in dealing with all factors affecting the 
equilibrium condition. For example, in item 22 students were asked to 
predict.the effect jor the addition of acid to an existing acid equili- 
brium system. Both acids compete in their dissociation to form a common 
ion (H,0°). To .cormectly predict .theveffect of the addition,of theacid, 
students must consider 1) the dissociation of the acid, and 2) its 
effect on the original system. Evidence that the relevant factors were 
not always considered is given by the results for this item. Twenty- 
three percent of ENS indicated the additional acid would have 
no effect on the system. The reasons sampled for students possessing 
misconception 6 indicated that although Le Chatelier's Principle was 
generally used to arrive at their answers, it was applied in a limited 
manner, often neglecting important factors. As the inability to take 
into consideration all possible factors in a problem-solving situation 
is a basic characteristic of concrete operational thought, this sug- 
gests a relationship may exist between misconception 6 and cognitive 
level. However, the chi square test of independence between misconcep- 
tion 6 and level of cognitive functioning as measured by PT 1 proved 


ponstenitfeane (y= = 1.5.45200< pm <..,30). 


Types of Misconception 


The addition of the reasoning section to the MIT enabled one 
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131, 
to classify the possessed misconception into one of three main types. 
That is, sampling the reasons stated for choosing particular responses 
to the MIT items provided some insight into the nature of the miscon- 


ception. Misconceptions were classified as follows: 


Type I Misconceptiton. Here the answer given is correct but the 
reasoning is incorrect or irrelevant to the item. Type I misconceptions 
were found to be the least prevalent of the three misconception types 
identified, occurring in only 10 percent of the items sampled on the 
MIT reasoning section. Generally if the student's response was correct 
the stated reason was also correct. An example of a Type I misconcep- 
tion is given by a student's answer to item 26, in which the student 
correctly predicted that the removal of half of the solid from the 
system will have no effect on the original equilibrium system. However, 
the stated reason given that the solid has limited solubility is 


incorrect. 


Type II Misconeceptton. This refers to the situation where, 
although the given asnwer is incorrect, the answer stated is correct, 
as far as it goes. Type II misconceptions were found to occur in 
approximately 25 percent of the items £6% which reasons were given. 
Often the reason stated was too limited or incomplete and was possibly 
a major factor in the student's incorrect response. For example, in 
items dealing with misconception 3, the constancy of the pod tan 
constant, a frequent reason given was that the equilibrium constant 
is a constant. Although this reason is correct under constant temper- 


ature conditions it is too limited to correctly answer the relevant 


items. 
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Other examples of the occurrence of Type II misconceptions 
suggest that it is related to misconception 4, that of the misuse of 
Le Chatelier's Principle. The fact that misconception 4 was found to 
be extremely prevalent might account for the relatively large number 
of Type II misconceptions found. That is, the tendency of many 
students to misuse or to apply Le Chatelier's Principle in only a 


limited measure may give rise to Type II misconceptions. 


Type III Misconceptions. A Type III misconception is said to 
exist if both the answer and stated reason for an item on the MIT are 
incorrect.’ This type of misconception was the most frequently occurring 
of the three types studied and proved the easiest to identify. Often 
the reasoning given was both incorrect and irrelevant. Unfortunately 
in the case of a Type III misconception it is difficult to gain much 
insight into the reasons for the obvious misunderstanding the student 
possesses. However, one suspects that a weak background or lack of 
mastery of certain essential prerequisite areas in chemistry (e.g., 
reaction rates, kinetic molecular theory) may be a major cause of Type 
III misconceptions. A sound review of basic concepts underlying 


chemical equilibrium should reduce the occurrence of Type III miscon- 


ceptions. 
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CHAPTER V 
SUMMARY, DISCUSSION AND RECOMMENDATIONS 
Introduction 


In this final chapter, a summary of the purpose and design of 
the study, together with its findings, is presented. Several recom- 
mendations for the classroom teaching of chemical equilibrium are 


presented. Finally some considerations for further study are outlined. 
Summary 


The purpose of the present study was to ascertain the relation- 
ship between selected student misconceptions in the area of chemical 
equilibrium and performance on specific tasks involving cognitive 
transformations characteristic of the concrete and formal cognitive 
levels of thought. 

The study was conducted in two large Edmonton senior high 
schools on a sample of 99 students enrolled in four chemistry 30X 
classes during the 1973 spring semester. 

Four main test instruments were administered. The Misconception 
Identification Test (MIT) was developed specifically for the study in 
order to identify specific misconceptions in the area of chemical 
equilibrium and to determine the extent to which they occurred. The 
six subtests contained within the MIT deal with the following six 
misconceptions: (1) mass vs. concentration, (2) rate vs. extent _of 
reaction, (3) constant concentration, (4) misuse of Le Chatelier's 
Principle, (5) the constancy of the equilibrium 'constant' and 
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(6) competing equilibria. Students were asked on the MIT to predict 
the effect of various variables on the equilibrium conditions of several 
chemical reactions. In addition, students were asked to state their 
reasoning for their predictions for five randomly chosen items on the 
MIT. 

The Chemistry Achievement Test (CHAT), based on Chapters 7, 8, 
9, and 10 of the CHEM Study text, was used as a measure of achievement 
in chemistry. The Piagetian Tasks (PT 1 and PT 2, SK6) formed the basis 
for the categorization of the student sample (N=99) into the respective 
level and substage of concrete and formal thought. PT 1 and PT 2 were 
combinatorial tasks which involved the investigation of the nature of 
five colorless chemical solutions by manipulation of the various 
combinations of the solutions. The Skemp Test (SK6) consisted of three 
15 item sections based on ten operations involving the four transforma- 
tions of the INRC physical group model. The grade mane Co-operative 
School and College Ability Test (SCAT) scores were also obtained for 
the sample. 

Revisions and certain administrative changes associated with 
the MIT and the Piagetian Tasks (PT 1 and PT 2) were made on the basis 
of a pilot study conducted on 62 students in three separate chemistry 
30X classes prior to the formal administration of the test instruments 
to the study sample. 

The CHAT was administered first, followed by the MIT during the 
regular class period the next day. The Piagetian Tasks (PT 1 and PT 2 
and SK6) were administered approximately one week later. All test 
administration was carried out by the investigator. Both the CHAT and 


the MIT scores were used by the three cooperating teachers in their 
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regular evaluation of the chemistry course. 

Evaluation of the students' performance on the Piagetian tasks 
(PT 1 and PT 2) was made on the basis of specified criteria as outlined 
by Inhelder and Piaget (1958), and in consultation with Piagetian 
experts. Performance on the SK6 was used as a measure of the students' 
perception of the INRC group. 

The Misconception Identification Test was scored according to 
two separate and distinct keys, designated MIT(A) and MIT(B). MIT(A) 
refers to the keying of the MIT accurately in the chemical sense, while 
MIT(B) refers to the scoring of the MIT according to the six major 
misconceptions identified by the instrument. In this manner, perfor- 
mance scores (MIT[A]) and misconceptions scores (MIT[B]) were obtained 
for each student for each of the Mo Pintlcdtess oth Categorization 
as to the presence or absence of each misconception was made on the 
basis of both the performance and misconception scores for each student. 

Item analysis of the MIT revealed that the probability of 
students choosing the keyed misconception response’ for each of the 30 
items on the test consistently exceeded that expected by chance alone. 
Chi square values for 25 of the item response distributions proved 
significant (p < .01). Analysis of the performance and misconception 
scores indicated that 82 percent of the sample possessed three or more 
of the six misconceptions identified. 

The correlations between the CHAT scores and the scores of the 
Piagetian tasks, “Pri *SkKo( Ly ys Sk6 (2), and SK6@G)'> were “all®round’ to be 
significant at the 0.05 level. A stepwise regression analysis carried 
out for the prediction of achievement in chemistry revealed that PT l 


and SK6(2) were both significantly contributing predictor variables and 
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were able, together, to account for 58.7 percent of the variance of the 
CHAT scores. Neither the verbal SCAT score nor the quantitative SCAT 
score contributed significantly to the prediction. The low predictive 
value associated with the grade nine SCAT scores was not altogether 
unexpected in view of the three year time interval that elapsed since 
the administration of these tests. 

In terms of levels of cognitive functioning, the 99 students 
in the study sample were classified as; early concrete (C)),5 3 students; 
late concrete (Co), 24 students; early formal (Fi); 61 students, and 
late formal (Fo), 11 students. In gross terms, 73 percent were found 
to be capable of using formal operations in their thinking, while 27 
percent were limited to concrete operations with respect to the two 
equivalent Piagetian tasks (PT 1 and PT 2) used in this study. 

The sample was divided into three nearly equal achievement 
groups (high, middle and low) according to performance on the CHAT. 
One-way analysis of variance was carried out on the scores of the three 
achievement groups on the following measures: MIT(A), MIT(B), SK6(1), 
SK6 (2), SK6(3), PT 1, SCAT Verbal and SCAT Quantitative. Results 
revealed that, with the exception of the two sections of the Shans test 
(SK6[1] and SK6[3]), the three achievement groups were significantly 
different with respect to each of the above measures. This was seen as 
a measure of the validity of these instruments as used in the study. 

The correlations between the two forms of the MIT, MIT(A) and 
MIT(B), and the Piagetian tasks, PT 1 and SK6, were all significant at 
the .01 level, suggesting that phere is a significant relationship 
between the number of misconceptions possessed by students and perfor- 


mance on the selected Piagetian tasks. This finding is supported by 
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the significant relationship found between the number of possessed 
misconceptions and the cognitive level of the students, as determined 
DYVPFoR, 

The chi square test of independence performed between each of 
the six misconceptions identified and the cognitive level of the sample 
revealed that two of the misconceptions, namely the misconceptions 
dealing with mass vs. concentration and rate vs. extent of reaction, 
were significantly related to the cognitive level as measured by PT l. 

A stepwise regression analysis performed on the prediction of 
MIT(B) scores found the CHAT score to be the only significantly contri- 
buting predictor variable (p < .001). This finding, together with the 
significant (p << .001) correlation between MIT(B) and CHAT, suggests 
that the number of misconceptions possessed by students in the area of 
chemical equilibrium is related to achievement in chemistry. Further, 
three of the six specific misconceptions investigated were also found 
to be significantly related to achievement in chemistry. 

No significant sex difference was observed for either the total 
number of misconceptions held by students in this area or any of the 
specific misconceptions investigated. No significant relationship 
between either the number of misconceptions held or specific misconcep- 
tions held and mathematical ability, as measured by the quantitative 


section of the grade nine SCAT score, was found. 
Recommendations 


Recommendattons for Classroom Teaching 


The relationship between the nature and extent of misconceptuali- 


zation and cognitive level of development suggests numerous implications 
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for the high school chemistry teacher. Findings in the present study 
would suggest that before introducing the principle of chemical equi- 
librium formally, some assessment of each student's cognitive level be 
attempted. The measures used to determine the cognitive level of the 
subjects in this study (PT 1 and SK6) are appropriate to the context 
of a chemistry class and might be given beforehand with relatively 
little difficulty. For example, PT 1 could serve as a relevant intro- 
ductory laboratory exercise in chemistry 30. This would both allow an 
early assessment of each student's cognitive level and provide an 
opportunity to discuss the basic chemical reactions involved in the 
various combinations of the solutions in the task. This approach would 
seem to lend itself well to a review of the writing and balancing of 
equations, stoichiometry, oxidation and reduction, etc., which many 
chemistry teachers find necessary. 

Information as to the students’ level of cognitive development 
might well result in a more efficient and rapid review of concepts 
basic to the understanding of chemical equilibrium. That is, those 
students operating at the early or late concrete levels may benefit more 
from a laboratory approach involving concrete situations in which they 
can observe the effect of varying certain variables on a chemical system 
at equilibrium. The concept of mass, concentration, rate of reactions 
and extent of reaction seem particularly critical to a sound under- 
standing of equilibrium. Exercises and programmed materials dealing 
with these concepts at both the concrete and formal levels could be 
prepared to allow a student to enter the review sequence at his appro- 


priate level. 


Further, a knowledge of the major misconceptions identified in 
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the present study should prove useful to the classroom teacher in 
devising instructional strategies to alleviate or minimize each of 
these misunderstandings. The limitations contained in Le Chatelier's 
Principle, for example, might be more clearly illustrated by the use 
of several well chosen problems not contained in the CHEM Study text. 
Problems to which Le Chatelier type reasoning is not amenable should 
also be presented and discussed with the students. The relatively 
few problems on chemical equilibrium contained in the CHEM Study text 
are qualitative in nature and easily resolved by the Le Chatelier 
Principle. The high prevalence of the misuse of Le Chatelier's 
Principle in the present study can be easily understood if students 
were in the practice of applying the Principle only to examples where 
it was previously known to give a correct answer. Rather than adopt 
the CHEM Study ‘approach' to equilibrium, as many examples of equi- 
libria as possible, .both qualitative and quantitative, should be made 
available to the students. 

Graphical representations used in conjunction with the teaching 
of the concepts of constant concentration and the ‘equilibrium constant’ 
may prove useful to the chemistry teacher in overcoming misunderstand- 
ings so often associated with these concepts. For example, concentra- 
tion vs. tine sdapiis could we introduced to illustrate the effect of 
introducing more reactant or product into a system at equilibrium. 
Plotting the change in concentration over time may help some students 
to more concretely visualize what actually happens in the process. 
Similarly, the effect of the addition of a catalyst could be explained 


by the use of rate vs. time graphs. 
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Recommendattons for Further Research 

As a result of this investigation, the following research 

possibilities are suggested: 

1. The present study could be replicated in other areas and 
levels of science teaching. Modifications in the testing 
procedure could be carried out in order to study miscon- 
ceptions related to other topics at the high school level, 
e.g., misunderstanding in kinetic molecular theory. The 
approach used in this study also seems amenable to identi- 
fying misconceptions related to specific areas of science 
that may ecu among elementary and junior high school 
science students. 

2. The effect that various instructional strategies have on the 
elimination or minimization of the misconceptions identified 
in the present study should be investigated. Specific 
instructional techniques might be devised and their outcomes 
on the incidence of these misconceptions and student achieve- 
ment in this area examined. 

3. The effect of revising the present curriculum approach to 
chemical equilibrium upon the degree of misconceptualization 
could be ipeesceamiaae Considerations could include: 

a) re-ordering the topics dealt with in equilibrium, e.g., 
solubility equilibria could precede the section on 
homogeneous gaseous reactions. 

b) placing more emphasis on the quantitative treatment of 


chemical equilibria. 
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c) introducing several short laboratory exercises designed 
to illustrate basic concepts in equilibrium commonly 
misunderstood, 

The effect of teaching chemical equilibrium at varying 

levels of cognitive development could be undertaken. This 

may indicate the optimum level of abstraction that should 

be given -to the topic. 

A more definitive study of the role of the INRC physical 

group model in relation to misconceptions involving chemical 

and mechanical equilibria seems indicated. Problems in 
equilibrium would have to be analyzed rigorously in relation 
to the INRC transformations and instruments devised to 
measure students' performance in applying these transform- 
ations. 

Refinements could be made to the Misconception Identification 

Test to identify further misconceptions in chemical equili- 

brium and the relationships that may exist among them. For 

example, misunderstandings over the 'dynamic' nature of 
chemical equilibrium, uncertainty over what constitutes an 
equilibrium situation, and the effect of a catalyst. 


The predictive value of instruments like the Piagetian Tasks 


(PT 1 and SK6) used in the present study could be investigated 
more fully. Tasks of this nature could be used as diagnostic 


tools in other areas of science learning. 


ari Sn a be: = ms 
oon 


bongkesh toa hore cessed : ath ended 
eprom laa by anna 4 ahead ote 


ober 
‘ 


bray 2S neetéiieues pore gatiioze2. id " 2 ® 3 

whi) .ay desi a 2 1g6m samege ove, ‘ovesingeas ative a 

rina Waele wots june lai Vo saved qpeak 390 ed), sanecugiir o 
are phqod, oy 03 pavigad 
cskeniq DAME at, 26 Stam) oii Re “ase iain orom A 
(colingels pelvtveal enudtgsconsahe op ipo ies a iachioieale ; - 
ot avaidost ,beténtbel. sates erage Les tasioom, baw i 
holtstey a. Vindotegit beaylous ad sya Bisov my hak rups -— | | 


he 
basivel efniemw Ts ath hua gupileggetanae?g jaar odd O23) my 


-_ 


- 


otaness daaiia, griwleme ial some diag leita ‘oxuanen Fie 

ay 2 Ge , i a 

nl. LMS, wektqsnneta ht ons eg sail ‘biyes, pomeena ag 
-tliuee tapkenga me endl ceed ee viienebs a) geet at " - 
TE one gone Jedves. ogee. caves by hiteyediha whan, ada boa muted * ts 


3 


fi « 
 srotsn ‘stma@eb? oft seve sopibaezasabownie fe mh 


On aedutidesse, the cpa ve Glmeaee sens amet Laps Sao buada . ; ae a" 
Jagkeres #24 s9eRRe Sule lee euetiauinde:smibrd 8 L009 

slant eliegetN ast oALE ateoiorrent ito duben aybiatborg ed? of, Li 
bolegtszsvabied buns yhard aphawig ot Git Moms Gm baa TD 9 | 
stawengalt go, luaw of blues arysmn eke Jor aikNeN.! apkitwe exam — 1, ail; 


FOOTNOTES 


1Inhelder, Barbel and Jean Piaget, The Growth of Logical Thinking 
from Childhood to Adolescence, Basic Books, New York, 1958, 
peeoy a2 2 


2Source of definition: Handbook of Chemtstry and Physics, 49th ed., 
1968-1969. Robert C. Weast (Ed.), The Chemical Rubber Co., 
Cleveland, Ohio, 1968. 
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APPENDIX A 


THE MISCONCEPTION IDENTIFICATION TEST (MIT) 


CHEMICAL EQUILIBRIUM 


This is an OPEN-BOOK examination. Answer each question by 
indicating on the answer sheet provided the most appropriate of 
the following responses: 

A. GREATER THAN that at the first equilibrium. 

B. LESS THAN that at the first equilibrium. 

C. THE SAME AS that at the first equilibrium. 

D. There is INSUFFICIENT information provided to decide 

among the above alternatives. 

Use a HB pencil to fill in the corresponding space on the answer 
sheet. You have 60 minutes to complete the test. 
In addition, for those questions mentioned on the separate sheet 
indicate by means of a brief statement, your reason(s) for 
selecting the response. 
Place your reason(s) in the spaces provided on the separate sheet. 
DO NOT WRITE ON THE QUESTION BOOKLET. 
Example question 
Consider an equilibrium mixture of nitrogen, hydrogen and ammonia 
(all in the gaseous state) at 500°C and 200 atmospheres pressure. 


The balanced equation for the reaction is: 


enn 2 ; ‘ 
N, (g) + 3H, (gs) 2NH, (g) ; the forward reaction being 
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endothermic (i.e. taking place with the absorption of heat). 
More Ny (g) is added to the equilibrium mixture, keeping the volume 
and the temperature constant. When the system returns to 


equilibrium, the number of moles of NH, (g) Wes Lops: vay cne eit aus e's gatas 
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In each one of questions 1-20, you are asked to consider an 
equilibrium mixture of CO, Cl, and cocl., (all of which are gases) 


Pitiarly at 200°C and 1 atmosphere pressure. 
The balanced equation is given by: 


CO(g) + C1, (g) Sates COC1, (8) s the forward reaction being 


exothermic (i.e. taking place with the evolution of heat). 


When answering the question, do not assume any knowledge of this 

particular chemical system other than that provided by the above 

information or in the questions asked. 

QUESTIONS 1-3 refer to the following change made on the above 

reaction: 

The mixture is cooled to 150°C (at which temperature all three 

substances are still completely in the gaseous state), keeping the 

volume constant. 

When the system returns to equilibrium: 

1. the number of moles of cocl., Hresenu wipes. «ss s « 6 (place 
answer on 
answer sheet) 


PP" the rate ce which COCL is. Deine Lormed wil) be... 


Z 
3. the equilibrium value of [coc1,] ibe by Gee oa iS Wine aby Or mnD 


oe] 
QUESTIONS 4-7 refer only to the following change made on the 


original reaction. 
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-p 2- 


The volume of the system is halved by increasing the pressure at 

constant temperature. When the system has returned to equilibrium: 

a the number of moles of cocl, PrESentU WII Des he cece) ano) te eelese 

5. the concentration (or partial pressure) of cocl. present will 
DG creat Nac! Cucina ome 


Seeeene number of moles of COypresent will be. 6.9. 6. 6 « «2 es 


7. the concentration or partial pressure of CO present will be... 


—» 
CO(¢g) «+ Cl. cocl, (g) + heat 


QUESTIONS 8-10 refer only to the following change made on the 
original reaction. 
Some cl, is removed from the system, the volume and temperature 
being held constant. When the system has returned to equilibrium: 
8. the number of Holes OF (COseresent wid DG. i. s.. 6 6 #64 
9. the equilibrium value of [coc1,} WT eD Chm sates, tek eye. he 

[co] «) 

LOPeethe@rate at which CO is being formed will be. . .'. 7. = % 
QUESTION 11 refers only to the following change made on the 
original reaction: 

Some inert gas (say, Neon) is added to the system, keeping the volume 
and the temperature constant. When the system has returned to 
equilibrium: 


1h, O@€ he lHumBEeLMSFOmokesSFOL COCLEs present wiLIM bees 200 . Ee es 84 


2 
QUESTIONS 12-14 refer only to the following change on the original 


reaction. 
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-p 3- 


Some neon is added to the system, this time keeping the total 
pressure and temperature constant. When the system has returned 
to equilibrium: 
12. the number of moles of cocl, WELT Dera OE eee es Hake de We 


13. the concentration or partial pressure of Cl, WiLids Dex... owe Mins 


14. the equilibrium value of [coc1,] WELECDEIS, 20 VALS... 


[co] [22,| 
In QUESTION 15, consider only the following change made on the 
original reaction: 
15. One mole of cocl., and 0.01 mole of Cl, is added at constant 


volume and temperature. When the system has returned to 


ecuiiiorium, the-number of moles of" COswidlt Dew: Ps POON Ree e te. 
—— 
CO(g> + C1, (g) < COC1, (g) + heat 


In QUESTION 16, the following change is made on the original 


reaction: 

1G. ‘this time,./0:0) mole of cocl. and 1 mole of C1, is added at 
constant volume and temperature. When the system has returned to 
equilibrium, the number of moles ‘OfSCOMVrlL epee sere ee. OFF ck 6 ce 
QUESTIONS 17-19 refer to the following addition to the original 
reaction: 

A certain amount of nitric oxide, NO, is introduced into the system 


at constant volume and temperature. NO also reacts with Cl,; 


according to the following equation: NO(g) + C1, (g) wad NOC1, (8) 
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When the system has returned to equilibrium: 
17. the «number of moles of CO will beats Sean. arta is 
18. the concentration or partial pressure of the cocl, wil bes... 
19. the equilibrium value of {coc1,] Orel SCA 6 eit ee. 
ey 

QUESTION 20 refers again to the original reaction in which: 

20. Some cl, is added to the system at constant volume and 
temperature. 


When the system has returned to equilibrium, the concentration or 


partiabkLepressure of dthetCOwwil Lcbe. which di ccoet. 


THE REMAINING QUESTIONS REFER TO PARTICULAR REACTIONS AS DESCRIBED 


IN THE GIVEN QUESTIONS AND NOT THE SYSTEM USED IN THE ABOVE 


QUESTIONS. 


Consider a cylinder (see diagram) 
containing a gaseous equilibrium 
mixture of Nos Hs and NH, under 
a constant pressure of 2 

atmospheres and kept at constant 
temperature. Through a valve, A, 


- in the side of the cylinder more 


No (g) is added (the total pressure 


and the temperature both being 
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-p 5- 


constant). When equilibrium has 
again been attained, the number 
of moles of NH, present will 
beaoy remover, 
Formic acid, HCOOH, is a weak organic acid and as such partially 
dissociates in aqueous solution according to the following 
equation: 


+ _ 


HCOOH + H,0 : H,0(aq.) + HCOO(aq.) 


Te acO.aeM-solution of formic acid is added a small amount of 


concentrated hydrochloric acid which dissociates as follows: 
+ -_ 
ote 
HEL + H,0 A hic s H,0(aq.) +eCataqes 


When the system has returned to equilibrium, the molarity of 


formate ions, HCOOuAWIilAbeih.abtate 


QUESTIONS 23-25 


One litre of 0.1 M formic acid solution (actually an equilibrium 


mixture of formic acid molecules, hydrogen ions and formate ions 


as described in Q. 22) is diluted to 10 litres with distilled water. 


When the mixture has returned to equilibrium: 


23. 


24. 


25% 


the number of formate ions will be. S@oln . (4 

the molarity of the formate ions will be. .... 

the dissociation of formic acid into hydrogen ions and formate 
ions is an endothermic process. Heat is absorbed. If 0.1M 
formic acid at 25°C is heated to 30°C, the fraction of formic 


acid molecules dissociated, at equilibrium, will be. ..... 
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26. A vessel contains an aqueous solution of Ag’ ions and Cro i ions 


4 


in equilibrium with solid Ag,Cr0,. 


Ag 


2ZAe (qi) At Ore ead 


9Cr0, (s) 


Half of the solid Ag Cr0, present is now removed. Analysis of the 


solution after many hours would indicate that the molarity of Ag’ (aq.) 


BS eMOW sarc 4s Mau. ces ob 


27. Some finely divided metallic silver is added to a litre of 0.1M 


ferric chloride acidified with HCl, and the following equilibrium 


is set up: 

Memeacae) + Ag(s) pas Fe aan + Ag (aq.) 
Assume that this is the only equilibrium established. 
This equilibrium mixture is diluted to 10 litres with distilled 
water. When equilibrium is again attained, the number of moles of 
metallic silver present "wild be. . & «os « « 
QUESTIONS 28-29 refer to the following reaction: 
Consider an equilibrium mixture between ferric ions eo) and 
thiocyanate ions (SCN ) at a constant temperature as given by the 
equation: 

Rar (age) + SCN7 (aq.) Sagi FeSCN’ (aq.) 
To this equilibrium mixture is added some finely divided silver and 
an equilibrium is established between the Fen Gas) and Ag(s) as 
described in Question 27 above. 
When equilibrium is again established: 


28. the number of thiocyanate tons (SEND) wi Ll bec toe ees. 
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29. the equilibrium value se lwcsenth Wa De Aye ieee hi. 


liquid water 


fre*?) scx" | 


Consider a cylinder (see diagram) 
containing an equilibrium mixture 
Of2X 4 ¥ Sand H,0 which react 
according to the equation: 


2X + HO a Ve sunder 2.constant 
pressure of one atmosphere. In 

the cylinder there is gaseous X, 

Y and HO, together with some 
liquid water. (In which X and Y 


are Quite insoluble). 


Water vapor is added to the cylinder through a side valve, A. When 


the system returns to equilibrium, the number of moles of Y will 


cor oe) 
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CHEMICAL EQUILIBRIUM Name 
School 


Date 


For each of questions indicate by means of a brief statement, your 
reason(s) for selecting your response. Place your reason(s) in the 


space provided. In addition indicate which law or principle you 


used in your reasoning. i.e. 
X if you used the Equilibrium Law 
Y if you used Le Chatelier's Principle 
Z if you used some other law or principle. 


QUESTION Cire leone: » Anewer Avw4Bt WCrocDiteXs XG 4Z 


QUESTION Circle: one: Answer A. BCs D, xX YZ 


QUESTION Circle: ones Answer & "bc D;, X YY Z 
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QUESTION Cirere one: Answer A, B C D, X Y Z 


QUESTION Circle ones “Answer A. BoC 6D, X YZ 
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APPENDIX B 


THE CHEMISTRY ACHIEVEMENT TEST (CHAT) 


CHEMISTRY 30X ACHIEVEMENT TEST -- Chapters 7, 8, 9 and 10 


This is an open book test which you have 60 minutes to write. 


Select the best answer for each question. 


Use an HB pencil to fill in the corresponding space on the 


answer sheet. 


When concentrated sulfuric acid is added to water, heat is 
liberated. The heat of dilution is about 18 kcal/mole of 

H,SO, diluted with a large volume of water. If 9.8 g of H)SO, 
were added to 10.0 litres of water, what would be the increase 
in the temperature of the water? 


ke BeCe 

Bor ec 
Go geoge 
D. 0.18C° 
me O.018e. 


When 8.00 g of CH, are burned to produce carbon dioxide and 
water vapor, 104 kcal of heat are released. What is the OH 
value for the following reaction? 


He 
Haig) + 200(gy == acgy * 72g) 
+208 kcal 
+104 kcal 
-94.0 kcal 
-104 kcal 
-~208 kcal 


moUaAwW PP 


Calculate the heat of combustion in kcal/mole of HDS. Use the 
equations and data given below: 


H,S AH = -9.6 kcal 
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ern 

S 4. red ae 

(s) 05 (g) : $0 (5) AH V1.0 keal 
H-S + 3/20 2 Bladen’ = 

2 (g) / 2(g) 2° (g) + OFT) AX ° ry ° e ry e ° ° e 
A. 138.4 kcal/mole 
B. -3.6 kcal/mole 
C. -9.6 kcal/mole 
D. -119.2 kcal/mole 
E. -138.4 kcal/mole 


Questions 4 to 6 refer to the following reactions, for which the 
heats of reaction are given. 


° L = — 

Reaction Il’. Kis) + #15 (1)= KCl (.) AH 100.0 kcal 
e L au = = 

Reaction 1l. Res) + aC1 4 ( ) Zoe KChis) Ak 104, 5, keal 


4, Which of these statements regarding reaction 1 is FALSE? 


A. The heat content of the produce, KCl, is less than that of 
the reactants. 

B. If the reaction is carried out in a rigid, insulated 
container, the temperature in the container will rise. 

C. The potential energy of the reactants is less than that of 
the products. 

D. For each mole of RCL.) formed, 100.0 kcal of heat is 
released. 

E. The reaction is exothermic. 


5. The value obtained by subtracting equation 11 from equation 1 
(+4.8 kcal) represents: 


the heat releaseddwhen 2.00 moles of KCl ) form. 

the heat required to melt 1.00 mole of KE ; 

the heat required to vaporize 0.500 moles o cl, 1)° 

the heat released when 0.500 moles of Cl ead an ae: 
ee) 

probably due to errors in measurement. 


Hoo w LP 


6. Mhe formation sof .24..9 o of KCl (a) in reaction 11 is accompanied 
by the release of: 


Ae #eee keal 

Be 64n9. KCAL 

GC. J 00,0 kead 

Die his, Gukcal 

E. none of these 
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To complete the equation: 


1 -——te X Yi 


1 
M+ pna— ,J + 5K + 25n 


M would have to be written 


A¥FZ M 
Be) ery 

atz M 
C. X+Y+1 M 

A+Z 


If a sample of water were warmed from 0°K to 2.0 x 10° °K, each 
of the following processes would be expected to occur at some 


time during the heating. 


itieg 7 OH 


De (lee) (g) 


RG ot 2 6 cet S| 
ita) 2° (g) 
he ae FILG) Sear DG) 


pe beet a ey a 


1 UN. omar 


As the temperature is raised, in what order would the processes 


tend to occur? 


ee Teeth ee Tie LY: 
|S pts yg lg SP OS 
COP CEE. Ter ely 
De tit. lt bier 
Ro. av erie Lise 


Raising the temperature of a reacting system would 


A. increase the rate of the forward reaction only. 

B. increase the rates of both forward and reverse reactions. 

c increase the rate of the forward reaction and decrease the 
rate of the reverse reaction. 

D. decrease the rates of both forward and reverse reactions. 

E. decrease the rate of the forward reaction and increase the 

rate of the reverse reaction. 
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Among the factors which affect reaction rate are: concentration, 
collision geometry, and the presence of a catalyst. Which of 
the following statements is FALSE concerning these factors? 


A. Increasing the concentration of reacting particles increases 
the chance for collisions. 

B. Optimum collision geometry lowers the activation energy 
barrier. 

C. <A catalyst lowers the activation energy requirement. 

D. The reaction occurs each time particles of the reactants 
collide. 

E. The slowest reaction involved in a reaction mechanism 
determines the rate of the overall reaction. 


HO mack 0 ——> NO fast) A 
(g) Raye = Ce) (Sage) 


NO3 (9) + N0(,) <— 2NOo (8) (slow) B 


Which of the following does the above pair of reactions best 
illustrate? 


A. entropy 

B. randomness 

C. catalysis 

D. activation energy 
E. reaction mechanism 


Questions 12 to 14 are based on the following information. 


The kinetic energy distribution curve shown below applies to four 
different reactions all at the same temperature. Only the 


activation energy (E) is different. (The activation energies 
of reactions 1, 2, 3 and 4 are designated Ey> Eo» Es and Ey, 
respectively). 
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12. Under the same conditions, which reaction would occur the 
fastest? 


&.  Leaction 
B. reaction 
Ge. reaction 
D 
E 


PWN EFH 


- reaction 
. all reactions would occur at the same rate 


13. If a catalyst were added to reacting system 3, what effect, if 
any, would this have on the system? 


A. The peak of the kinetic energy distribution curve would be 
shifted to the left. 

B. The peak of the kinetic energy distribution curve would be 
shifted to the right. 

C. The activation energy requirement would be raised, so fewer 
molecules would collide successfully. 

D. The activation energy requirement would be lowered, so more 
successful molecular collisions would occur. 

E. There would be no effect on the system. 


14. In which of the above systems would the reaction rate be 
increased most by heating the reactants? 


reaction 
reaction 
reaction 
reaction 
none of them would be affected 


PWN 
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Questions 15 and 16 are based on the following diagram, 
which shows two pathways for a given reaction. One is for the 
uncatalyzed reaction, and one is for the catalyzed reaction. 
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17. 


The activation energy for the forward reaction, in the presence 


Reaction pathway 


of a catalyst, is about 


- 40 kcal/mole 
. 50 kcal/mole 


. 70 kcal/mole 


A 
B 
C. 60 kcal/mole 
D 
E 


. 80 kcal/mole 
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In the uncatalyzed forward reaction the overall heat of reaction, 
H, is about 


. 70 kcal/mole 
. -50 kcal/mole 


~ 4O kcal/mole 


A 
B 
C. -40 kcal/mole 
D 
E 


70 kcal/mole 


The equilibrium state for any chemical reaction in a closed system 


results from a balance between: 


A. maximum 
B. minimum 
C. maximum 
D. minimum 
E 


energy 
energy 
energy 
energy 


and maximum randomness 


and maximum 
and minimum 
and minimum 


randomness 
randomness 
properties 


. constancy of macroscopic properties 
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ee ae 
18. The equilibrium of a chemical system of gases can NEVER be 
changed by 
A. increasing the pressure 
B. increasing the temperature 
C. adding more of one reactant 
D. adding more of one product 
E. introducing a catalyst 
19. Assume that the following reaction has reached equilibrium in 
a closed container, and that it is desired to obtain a greater 
yield of 80. ( by shifting the equilibrium to the right. This 
may be sedan itien by which one of the following changes? 
S “-n120 8SO ago tt tkeal 
8(s) Z(t) aks) aoae 7 
A. Increase the pressure by compressing the system into a 
smaller volume. 
B. Add a catalyst without changing the temperature or pressure. 
C. Increase the temperature without changing the pressure. 
D. Remove oxygen gas from the system. 
E. Increase the randomness of equilibrium system by stirring 
Satis 
20. Chemicals A and B react according to the following graph. 
ri 
6 
conc, 
moles/ 5 
iter 4 


HE 2 3 4 5 6 7 8 
time, min. 

The balanced equation for the reaction is 

AE.2A che2B a e2¢ 

AA st 2B Qs 2OC 

GAs 4B gt 

, GA IGE a2 26 

- none of the above 
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Questions 21 to 23 concern a system in which CrBr., dissolves 
in alcohol. A single crystal of CrBr, is weighed and plated in 
Beaker A. An equal mass of small crystals is placed in beaker 


beakers are vigorously stirred at room temperature, then 


CrBr., in beaker A initially 


dissolves more rapidly than that in B 
dissolves more slowly than that in B 

dissolves at the same rate as that in B 
dissolves at a rate independent of temperature 
has more surface area than that in B 


equilibrium concentration of dissolved CrBr, in beaker B 


might be increased by 


crushing the crystals to powder 

more vigorous stirring 

warming the beaker and maintaining it at a higher 
temperature 

adding more alcohol 

adding more solid CrBr., 


23. After several hours, equilibrium is reached in both beakers. 
Beaker A still has a single crystal and beaker B still has 
many small ones. Which of the following statements about the 
systems at equilibrium is FALSE? 


A. 


24. The threshold energy in a reaction system would change in which 


Dissolving and crystallization of CrBr., are taking place 
in both beakers. 

Within each beaker the rate of dissolving equals the rate 
of crystallizing. 

The colour of the solution is constant in each beaker. 
More undissolved solid remains in A than in B. 

The amount of undissolved solid is not changing in either 
beaker. 


of the following cases? 


the temperature is changed. 
the reactants are changed. 
the concentration of the reactants are changed. 
a catalyst is introduced or removed. 
Vitel dion ll AND ELY. Deo asl, AND IV 
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Questions 25 and 26 are based on the following information. 


Gaseous water reacts with carbon monoxide gas to produce hydrogen 
gas and carbon dioxide gas according to the following equation: 


H,O + CO ——» +i + 
AGS AION USERS, SGN 0 Vani hal gs aN aed pe 


5 moles of H,0 ) and 4 moles of oF ) are placed in an empty 
reaction Séazat® the temperature is R4intained at 1000°C, and the 
reaction allowed to come to equilibrium. After equilibrium has been 
established, an analysis of the equilibrium mixture indicates that 

2 moles of LO 048) are present. 


25. What is the value of the equilibrium constant? 


0 
i 


26. What would the value of the equilibrium constant be if the 
reaction were allowed to come to equilibrium at a temperature 
somewhat higher: than 1000°C? 


A. Less than the constant for 1000°C. 

B. Greater than the constant for 1000°C. 

C. The same value as the constant for 1000°C. 

D. More data are necessary to predict the value at a temperature 
above 1000°C. 

E. It is impossible to predict the relative values of 
equilibrium constants. 


Questions 27 and 28 are based on the following information. 
Consider the following system at equilibrium 


N 


sO ya raat exten ANC Ai = 43 kcal 


2 
27. Which of the following changes will be certain to increase the 
concentration of the product NO? 


I. increase the temperature 
Il. decrease the temperature 
III. decrease the pressure 
IV. increase the oxygen concentration 
V. introduce a catalyst 
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28. 


solubility product constants, for some silver salts at 205C 


30. 


A I and IV 
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At a given temperature in this system, the NO is 30% dissociated. 


What is the number of moles of each component present in this 
mixture if one mole of NO is allowed to come to equilibrium at 


this temperature? 


A. 0.15 moles each 
B. 0.30 moles each 
C. 0.35 moles each 
D 0.60 moles each 


For which of the following expressions is 


equation correct? 


of N 


of NS and 05 and 0.70 
of No and 0, and 0.30 
of No and 0, and 0.30 


K = (s0,] : 


(5] (soy 


ie 
50) dbeQoue 29 


— Pe 
: 503 ——— 50, +0) 
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ING 3 
he 
By 2805) 2105 pete | 280, 
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C. SO, + 20, == 2s0, 
ae 
B. 180, %.22_ «260, + 0, 
E 


and tO.) e@and 3087.0 


moles 
moles 
moles 
moles 


this equilibrium 


of NO 
of NO 
of NO 
of NO 


Questions 30 to 32 require the following table of 7 


AgCl aay! 
AgNO, 6 
Agl ipo: 
Agl10 4x 
AgSCH Lex 


Of the silver salts 
water.at 20°C? 


A. AgCl 
Be AgLO 


C. Agi : 


listed above, which is the most soluble in 


AgNO 
AgsSC 


f 
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In a saturated solution of Agl0, at 20 0. what is the 
concentration of the dissolved ReT0 i 


3 
A. 16 x 10, °%M 
De. 14+ 10_,M 
Oe 10 
1 a! ta 10_/M 
Ein tuenk oO. atl 


To a solution containing Cl ‘ No, 5 is 5 TOs and 
ON ea ions each at 0.01 ede egy ay of 8901 M AGRO? was 
addéa neil a permanent precipitate just formed. Which silver 
salt precipitated? 


A. AgCl 
Bi. pede) 
C. Agl0., 
D. AgNO 
E. Agscht 


A student wishes to make up 200 ml of a 0.010 M solution of 
AgNO,. What is the maximum concentration of cly ion that 
could be in the water before a permanent precipitate of Agcl ) 
would form? Assume the solution is made at 20°C. Assume chee 
volume does not change. 
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APPENDIX C 


THE SKEMP TEST (SK 6) 


SK6: Practice Sheet 


SK6: Demonstration Sheet (Operations A to J) 
SKG (PART I) PRACTICE ‘TEST 
SK6 (PART I) ANSWER SHEET 


oko (PARTI UT) TES? 


Laas 


pw) a 

i en, on: 

-_ r Vir i if ay ey Uy y 
on ; 


uy 


SK6: PRACTICE SHEET 


Operation l 


In the above figures, the one on the left of each pair has 
been changed to the one on the right by means of the same simple 
operation. In other words, the above figures given three examples 
of a particular operation. You have to find out what the operation 
is, and then do the same operation to some other figures. 


What is the operation? It is reversing from left to right. 
Do this on each of the figures below, and fill in the answers in 
the blank spaces. Check with the answers on the blackboard to 
make sure that you have understood. 


Do Operation 1 
on these. 


Here is a different operation: 


Operation 2 


When you have found out what it is, do it on the figures 
below. Check with the answers on the board. 


Do Operation 2 
on these. 
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Operation 


Operation 


Operation 


Operation 


SK6: DEMONSTRATION SHEET 
OPERATIONS A TO E 


(OPERATIONS F TO J ARE ON THE NEXT PAGE) 
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SK6: DEMONSTRATION SHEET 


OPERATIONS F TO J 


Operation G 


Operation H 


Operation I 


ave 


LS 


NAME eoeoeseeeeeeeeeeeeenreeeevreeeeeeeseeeeeeese @ SCHOOL eeoeeoe0eeesereeeeeeneeee 


Last First Middle 
Pete tert ha evel anal eto ates GRADE eicwteiwee en =soON GERE DATE eis ee 5 Kato Bene atone 
Years (Circle one) Day (Months Vr. 


SK6: PART I 


Find out the operations from the DEMONSTRATION SHEET, and 
fill in the answers in the blank spaces, just as you did on the 
PRACTICE SHEET. 


Do Operation 
A on these. 


Do Operation 
B on these. 


Do Operation 
C on these. 


Do Operation 
D on these. 


Do Operation 
E on these. 
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SK6: PART tL 


(CONTINUED ) 


Do Operation F 
on these. 


Do Operation H 
on these. 


Do Operation I 
these. 


Operation J 
these. 


=Z 
——. 
— 
: = 
a 

i= 

— 


a ) | vi 


rca AN A EN A EE LLL AN EEL 
i 


a i SG 8 = = 2 


| ; ) 
| tt a 


ETF 


ANSWER SHEET FOR SK6, PART I 


Here are the answers to the problems you did. Go through 
these carefully and put a tick in the right hand margin if you think 
.that you got the whole line right. If you are not sure, ask for an 
explanation. 


Operation A is: 
turn the other 
way up. 


oa Os es 
| 


Operation B is: 
rotate a quarter 
turn clockwise. 


MRD | Soares 


Operation C is: 


interchange X 
upper and lower vi 


parts. 


Operation D is: 
replace each 

horizontal line 
by two circles. 


Operation E is: 
replace each 
vertical line 
by two crosses. 
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ANSWER SHEET FOR SK6, PART I 


(CONTINUED) 


Operation F is: 
add a symmet- 
rical lower half. 


Operation G is: xX X xX 
double every- ; \/ > \V\/ ie 
thing. 


Operation H is 
double the lower 
part. 


Operation I is: 
double the 
smaller part. 


Operation J is: xxx 1 7 Pre Gea ke Aas AW AVA\ 
—»- ee 


interchange —>- 


the numbers. | aT. a yi y 7 


ays 
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NAME... e eeee eoeeee#e¢ eee eeeeee39?ese¢e8eeee8e@ SCHOOL: eeees eeeeenee9eneeee 
Last First Middle 
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SK6: PART II 


In PART II the problem is to combine the operations on the 
DEMONSTRATION SHEET, or to do them in reverse, or both. When 
combining operations, they are to be done in the order given (i.e., 
"Combine C and G" means "Do Operation C first and then do Operation 
eel) 


Look at the examples given below and then carry out the 
operations indicated on the following three pages. 


EXAMPLE: 
Reverse B 


EXAMPLE: 
Combine C & G 


EXAMPLE: 


Reverse and 4) oe 22> or CY, 


combine G & B 
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SK6: PART II 


Reverse ———p COGo — > 


Reverse D OO 


Reverse 
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SK6: “PART Tt 


Combine E & H 


Combine A & I 


Combine D & J 


Combine B & F 


Combine F & B 
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MoH 8 Ei a) a Ral 


Reverse and 


Combine B & J 


Reverse and 
Combine H & E 


Reverse and 
Combine A & I 


Reverse and 
Combine F & G os 


Reverse 


Combine 
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APPENDIX D 


THE COMBINATION OF COLORLESS CHEMICAL BODIES TASK (PT 1) 


Prd Name 
School 
Class 


Date 


In this experiment you are asked to reproduce the yellow 
coloration using all or any of the solutions provided (1, 2, 3, 4, a) 
as you wish. Record the steps taken to your solution in the space 
provided below. Investigate further to determine as much as you 
can about the effect and nature of each of the solutions. 

What conclusions can you make from your experiments with the 
solutions? 


SHOW YOUR APPROACH TO THE PROBLEM IN STEPS 
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THE COMBINATION OF COLORLESS CHEMICAL BODIES TASK (PT 2) 


leu es Name 
School 
Class 


Date 


In this experiment you are asked to reproduce the yellow 
eotoration using all or any of the solutions provided (1, 2, 3, 4,. b) 
as you wish. Record the steps taken to your solution in the space 
below. Investigate further to determine as much as you can about 
the effect and nature of each of the solutions. 

What conclusions can you make from your experiments with the 
solutions? 


SHOW YOUR APPROACH TO THE PROBLEM IN STEPS. 
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SOLUTIONS FOR THE ADMINISTRATION OF PT 1 AND PT 2 


Piagetian Task I (PT 1) 
Solution 1. A solution of Molar sulphuric acid 
Solution 2. Distilled water 
Solution 3. A solution of Normal hydrogen peroxide solution 
Solution 4. A solution of decimolar sodium sulphite 


Solution "a". 


A solution of decimolar potassium iodide. 
Piagetian Task 2 (PT 2) 
Solution 1. Distilled water 
Solution 2. A solution of decimolar potassium iodide. 
Solution 3. Starch solution 
Solution 4. A solution of chlorine water 


Solution "b". A solution of decimolar potassium iodide. 


Kise aaa gure % nolacies. ‘A oH mobaalo 


site Sei hioeda trata a 7 


colinioe siixeted asgovhys Lena ie poisiies A sasanadl ci 
sabihelue mythos vafiwited We nebeuiow -® |, A/mek a _ 


me 
rsbevut metpeetog, T4iiih ‘ob: te pdkreSon A re wotsata \% _ 


) 
pear 


(ro som 


er pal eiteng” et 4 

abi bot iat cata Jintimls he Po aan Bi 8 
a ae 

; Yegew autwmliis I tie Cage A “e cats 

Shikot Gikasetog 1st cosh Ja nntdutod: b Jas ot: 


122 
122 


125 
126 
127 
128 
129 
130 


SEX MIT 


B= Sen Rae SSSR RB SRM SRS SSP SS aS SS SSS SS SSS 


APPENDIX E 


TABLE XX 


TEST SCORES FOR THE SAMPLE OF STUDENTS 


MIT CHAT 
B 
pat 29 
Ze 28 
24 28 
19 ey: 
18 2h 
21 vai) 
21 27 
22 26 
22 25 
20 24 
24 24 
20 24 
20 23 
Zh: 23 
Zu 29 
zu 22 
Eg ue 
Za ou 
23 20 
20 20 
td 19 
Zi 19 
ED 19 
17 18 
16 18 
Z2 18 
24 18 
18 9 
2 La 
14 nly: 
19 16 
19 16 
16 LS 
Li 14 
LS 13 
18 11 
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084 
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TOTAL SCAT SCAT SCAT 
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TABLE XX (CONTINUED) 
TEST SCORES FOR THE SAMPLE OF STUDENTS 


X = mean scores inserted for missing data 


£.D. SEX. MIT MIT CHAT. SK6. SK6. SK6... SK6 ve 0: TOTAL 
A B 1 2 3 TOTAL SCAT SCAT SCAT 
136 Ben Rate LA OS AMO OS 20 36 an 067 
£37 M £0 J? Lf 23 2 83 27 44 34 078 X 
138 BE 426 22 is 22 O04 @4 32 44 34 078 X 
339 M10 is 10 23 «£2 (ORO 35 50 33 083 
140 My £9 lag 33°. 08 45 £20 33 54 57 091 
141 Mm 0, 22 ro 04 OF G0 05 44 34 078 X 
142 Be FF 20 ze 1 ba 692° UG 29 46 ae 068 
143 Mw £6. (27 25, 24 OF 06 29 39 38 072 
144 mM OMS CES 20-7 - a 06° «99 28 44 34 078 X 
145 Be 09... BS Ze 25. RZ OOF 52 44 34 078 X 
146 Ba 26 a Le 24 2 Ey, 55 45 080 
147 HB 09 15 Le 4&5 Vs XO 31 46 29 075 
148 BM kOe. BS Ze 4&2 Of 13 32 52 32 087 
149 YF ‘06 1 22, OF 09 Q3 Lg 44 30 074 
150 M, £9 920 24 46 22, BT 37 56 39 095 
£35k M 18 24 25> Ae £8) 06 30 49 45 094 
L352 FEF 06 06 OS, 06 OF 01 14 39 Lg 058 
be be yu 26 26 4&4 224 # OF 35 Ay 36 077 
154 M 2Y 25 26 0 43S 06 29 50 26 076 
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157 Bm 425 «34 ro tS OS UF 28 48 29 077 
158 ed Ne eto Be: Oe eee 18 14 32 046 
1 Mt Shoe ee Lon Sez, FLO p05 Za 38 26 064 
160 be EAS ENV orxs: Zp BOOMs Oe 0S 24 44 eh 075 
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TABLE XX (CONTINUED) 


TEST SCORES FOR THE SAMPLE OF STUDENTS 
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TABLE XXI 
ITEM ANALYSIS OF THE MIT(A) 
Mean = 13.6 


S.D 82D 383 
Reliability (KR-20) = .49 


Item Keyed Difficulty Biserial 
Number Answer Index Correlation 

1 A 43 seit. 
ee B OD -.09 

3 A 34 35 

4 A 70 1D 

5 A 83 ~42 

6 B . 68 PY 

7 A 27 15 

8 A 76 foe 

9 C Ras 71 
10 D Als £6 
11 Gc 49 -.01 
12 B 03 -.21 
E3 B 27 .00 
14 C .80 47 
i bes: D O1 62 
16 D 02 24 
7 A 62 -49 
18 B 70 44 
19 C 40 63 
20 B 83 58 
ZL D 01 05 
a2 B 43 253 
23 A 26 ~40 
24 B 80 S07 
145) A 73 -46 
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pee | B 28 6 
28 A 54 455 
29 C oul 463 
30 C £29 38 
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TAB EE Oxo 
ITEM ANALYSIS OF THE MIT(B) 
Mean 18.6 


SDs a 3.9 
Reliability (KR-20) = .57 


Item Key Difiiculty Biserial 
Number Answer Index Correlation 

1 B wate 329 
2 A Pai -.05 
i: B Rb 5) wee 
4 C 25 Ae 
5 C yea 47 
6 (G 23 46 
7 B 49 36 
8 € o1t6 66 
9 B . 28 65 
10 A eae £0 
Py A 40 -.05 
Ai G 81 «a9 
13 C 60 31 
14 A 10 62 
5 A ED 43 
16 B .70 «oo 
1? B 20 -40 
18 A 20 on 
19 B 34 54 
20 A MA 47 
Ball A 88 AY.) 
Ze C 23 49 
Zo C 62 -.05 
24 D 10 04 
25 B Pe a) Oa 
26 B 45 Jb 
27 C 63 33 
28 B 26 44 
29 B 2a, 65 
30 A 61 3D 
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TABLE XXIII 
ITEM ANALYSIS OF THE CHAT 
Mean = 19.5 


A) ie Seema @) 
Reliability (KR-20) = .75 
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Item Keyed Ditticulty Biserial 
Number Answer Index Correlation 

ih D 35 39 

Z E 55 206 
3) D 84 S160) 

4 C ott 56 

5 C 60 ea 

6 B ho 51 

7 C Bi ey eae, 

8 C 91 42 

9 B 76 48 
10 D 56 “45 
Ee E 70 47 
£2 A 36 or 
13 D 79 oe 
14 D 25 -40 
i5 B 52 wD 
16 D 63 47 
db B 75 33 
18 E 82 53 
19 A 64 Fis sb 
20 A 69 Oe 
21 B 80 cite 
22 C - 40 «30 
23 D TZ Bek, 
24 E 20 54 
25 B 49 rey 
26 A 25 woe 
Pf} A 64 ge 3S) 
28 A 43 aD 
29 B 92 48 
30 D Fe 42 
ok E eae 46 
32 B 33 61 
33 B 4 ape 8 
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